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NOTICE:

The example of an applied circuit or com-
bination with other equipment shown
herein indicates characteristics 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 Lid.

Printed in U.S. A.
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REFERENCE GUIDE

r
] Operating Temp. Range Package L
| Cross-
Function ¢ Type No. ! B . | . Plastic |reference Page
0 to —20 to 40 to Plastic Cerdip Plastic ?stlc |
! +70C | 4750 | 45T | pIP | SIP | ¥t
| : . L
7 i
Sined | HA17080PS L ' T1.080 22
M8 THA17080GS | TLOgD 22
H |
| HAL7082PS | | .. Tosz | 2
i'onfT Dus | HA170826S | | TLOS2 22
" [ HalszP | TLoss 22
i  HAI7083G | TLo83 22
! Quad. | HAIT0B4P _ TLoss | 22
i THa17721 CaATalc | 28
Generat i HAiW"(P—S ’lA”l_ . .2_8,7,,
Purpose LHAIP74GS | | |wsra |28
HAL7741G 1 | 1AT4L 8
High Slew Rate| HAIT715G | | luanis | @
: ' m
HALTYT | LATATC
HAITHTP | | AT4T H
Ooera HALTT47G __pATE | 4
pera-
tional HA17458 | L 1458 46
Ampli- HA17458PS ] ! u58 | 46
fier HAI7458GS | o s | 46
Dual HA17558 ) ' © 4558 51
| HALTSSEPS | |t | U
HALT568CS | T L
| HA17358 LM3ss . 58
i 5 M3so4 | 58
i HAITOMPS LM3%01 | -
| HAIT904GS ___LM2904__"___?8_._.
HA17301P MC3401 60
| ‘ MC3301 ¢ 60
[ HAL730LG | Mcazor ! 60
Y
e LM 86
HAIT3HP | LM32g ' 66
Quad HA17324G | LM324 66
| HAIT32AG e e L
HAL7T902 | txsaoz . o
HAI7502P 3902
HA17902G | LMzon2 | 70
- - !
Single HAI813PS Original 76
o " HAIBI12PS Oviginal | 84
i | il — e S
Universal U HAIB1ZGS Original 32
HAI807 Original 76
! . il e -
Voltage | | HAI7363 L LM393 9
Compa | Dual T HAI7903PS LMagos | &l
rator 17,7, i —_ i et ; -
! | HAIT903GS | LM2903 | 9
o s i | LMags | 95
Quad. ] HAI7901P ‘ i LM3901 5
HA17901G 1 LM2901 95
: Ito be continued?
Notes! 1. —30 to -80%C
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_ REFERENCE GUIDE

T
) i Operating Temp. Range | Package i
Function Type No. ; 0 : ” i Crass | P
1o 20 to b 1o | Plastic | ,. . Plastic ' Plastic reference | 08¢
e [ rase | st | pip | Cemdie | Tom g |
+ |
" Precision  HAIT: | 14 HAT23C | 100
' HA17723G | |
T sv o Cwamses | | ) i e
‘ HAIFEOE i B | T nazeosc ! ios
e | o | #ATBOBC | 108
PELLALLLL R N I a wATBETC | 108
o BV Hades 1 | #AT808C 1 108
.1V HAITSIZ T T ATBIZC 108
o e LES
L1V HALTBLS - A .
T v T HAL7SLS t | HATRISC 108
I Ty HAL1782 : — T 1_«ATEIBC | 108
cpa o Y RAITEA | #ATEZ4C | 108
| 8Y . HAITROSP | i
2 ?fr - I - _nATEOS | 108
. | Vi R ————e . LATEDS | 108
\ Lo . 3 | 1 1 ATROT 108
Y[ Tev T THAITBOSP - | ’
| 0t MBS L L L 3 | #ATROB 108
| I 12V HAITBIZP s o e e
I sy Halzaise S : A 08
Lo - 'kH]i e | 3 U easis 108
! L AL7T8IBP ! ; P s
24y HAITB24P [ '
Voltage Ty T At T 7 S U [ 3 g nATEZ4 108
Regula~ ! | o ! c | ] 3 ! '(1\78\405C 12]
tor | , HAL7BMO6 i | | 3 I e ATEMOGC | 121
| 7V 1 Hal7sMO7 - ! 3 ! 121
! e T HaleMe T PTTTTTIT T T T T T T  T TT  emeee Tar
i 12v | Hii;:n:?z SR S r e L
| 1V (HaemMis i I . R
| v 1 Hamed : ; 2 (ATEMISC | 121
| o b TEMIE . ; L 3] #ATBMISC | 121
0V HAL78MZG ' el O | S
| o ‘ T l I ; 3 .1 HATEMZOC | 121
H T
.54 - = Hd?s“'zd‘_._l —— | R #ATEMZAC | 121
H a3 H I —
: _ 5V HAITBMOSPY - N A ATEMOS T 121
! |6V | HAL7EMOGY : Ty T ! : ATEMOS
Lo TR ! i :
| v Hamsere ; 1T \ R b - IE—— iil
| 5V T HALTSMOSD | - i 3 T 7808 1
} e I
i 12V | HAI7T8MI2P | e A R - 2
I B2V HMATTSMIE | | 3 ATEMIZ | 13]
I 15V ' HALTBMISY | ‘ ! - b R
! . ; R i 3 v e ATEMIS i1
i 18V HAL7SM1gp | T T T -
. T R S I B 3 ! nATBMIS 121
o200V HAI78M20P B
T v HALTSM ! ‘ Bt S ; paT
| L P
R / 240 b ' 3 L kATEM26 | 1m
Contrailer P _ S5G3524 I 125
: | 563524 125
14-bit | HAT9202 4' Note 2 22 ‘ TOriginal | 132
.\ T H\g?.! Sﬁped‘ H;\19203\1[) I Nore s - - S _ﬁi. [ ﬁJ" 18 T Original 132
Uity Tl Shge | HATB613A 1 B ) - T e L LS
T T HAIZ068RP | ! - ‘ L Jriginal | 135
Conver: | ; H‘*\l"UgrR; | - Emm_m{ - .T“-: 1_5 [ _ DACeE 139
ter i 8 g “'{L BRG o 16 | DACAS 138
’ i T —_—— B
DiA i el | 18 \ PMclées | 1ag
' HAIT408G | i ) T e T L
| | I _ 143 MC 1408 144
: THA7IZD | - 5
o 12-hi NCTa \ . | AmE012 146
AI7012G | \ 20
Amé
Notes 2, - 10 w0 - 75 : mioLe —
tu he continued
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REFERENCE GUIDE

' | Operating Temp. Range Packaype
oo e e T Lross .
Functi Type No. \ &
unction ‘ ype o ;Do | -20 Lo l =010 | Plastie | . % Plastic | Plastic reference aee
i p70v ; +75¢ | 85T | DIP e s Flat
. i N I :
|Q o bri HAL13007 i ! 16 f 1 Original | 152
uad. river 1 == - - — —_ S R — —
Hases | ! 16 i Original | 163
9 ch Driver 1HA13408 \ . Note 3 ! ﬁL Original 160
IHA13421A | Note 3 | : Orlginal | 186
Bridge Driver = - = - - e S _ L
1HALJ4ZIAMP | Note 2 Original 166
3 phase Motor DrierHAIM(}GW 1l ' Note. 2 Orrigina] 134
: Note 3 Grignat T Tros
3 phase Motor (HAL26 @ Note 3 B l?;fna oy
Driver with |HA13431 ) ‘Note-3 Original 175
SPEEd, HA13437 | Note 3 24 . ; Original 178
Micro Discrimmator HAL13432MP Note 3" —E- I Originul 178
Processor LTI e o e e - = — -1 = = r e e e
Peri Thermal Head Driver |HC16701 T Nete 3 : Qriginal 182
pheral | DC Motor HA166281 ' Original | 186
| Controller HA16629T ' Original 188
i HAl6631F Original 1492
. HA16631MP Tooas T Original 192
i | - — — p— — ¥ ES WIS "y S | —_—
Floppy Disk  |HALG632AD | Nete § \ - 78, ; Griginal | 202
Controller HAI6640NT S i’ : &2 i Original 211
HA16642MP ' | [ | Ovigioal | 217
: HA16642NT - | ‘ Oviginal | 217
P e e o RRREER ) oL } I *® _
Ground Falt Inter rupter | HA16636P ! Note 6 | ~8 | Original 208
T‘«‘ﬂhlgﬂ Regulator Cantrol | FLAT835P : E , T4 Original 222
‘ HA1773Z | ! TS k £A73IC | 230
; [)%fferenllal AALT733P | =..J4 i 1 1 AT33 230
Video Amp. H [ e e e
i HA17733G | 12 AT33 230
5 Transistor Areay | HAL127 | ’ CA3G43 | 236
! lAITSSS | | K NE5S5 730
| Precision — T s o
Other‘ CTimer 7]'{7.5\17'5755/3]’.3 - i . .\:[‘,5_354 ._JJS‘“ )
Fuaction | HA17555GS i 8, NEBS5 239
puta I SR _ 1 JUCES N I okt SRRt
!Burner Controller | 1LA16605W i | Crriginal © 246
| HAL6617F L i Original 231
j]'l.u(»resc'enl HAIBGLOP F S % Original | 251
| Display Tube i —— - —_— = = == - 4 = — —
| Driver EA}GQ?]H ! | Original [ 254
X HAI6619PJ | i | Original | 251
Notes! 3. —20 to ~760. 4. —20 to +80C, 5.0+ +60¥, 6 -20 to -850, 7. 35 to 11250
t  The chip product fer sale
8

S HITACH!



PACKAGE INFORMATION

=

—o

— Package Code . letters 1 Plastic
letters GG ; Cerdip

17 % » * & Standard Linear [C

Circuit Description of 1 st Vendor's Name

P Three Figures of T.ow Rank:

——— e ——— . = Other Ciremit Description ; Hitacki Original

PIrefix : HA ; Hitachi Linear Analog® [C

B DIMENSIONAL QUTLINE (Dimensions in mm’
®Plastic Dual-in-line Package

8Pin

14Pin i

o Tdmaz =
I 3 -

.__.
Ttz

3

p—10bmpe — -t

baet

=Ty~ 5 Uhmax 2. S

. 0 15“‘!‘“‘
17‘-.‘1, l

|
|
I
|
|
|
fDP-8) L (DP-14}

T g
-

16Pin

- ML e

-

EXEERYIN]

5.06max 2. 54mm

o N X
w2870 I5 )
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PACKAGE INFORMATION

18Pin

20Pin

RN FLET

2EA DTG

B8l
[
Db Z hmin

22 Pin

(DP-24TS)

| s aﬁw
-Ll_ -5
(DP-18) (DP-20} (DP-~22)
24 Pin 28 Pin

151
600 Incloding End Flashi

#Plastic Single-in-line Package

('T-220AB)

I T
T, Cusitons
13

(SP-8)

[T

(SP-23T)

10
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PACKAGE INFORMATION

e Ptastic Flat Package

18 Pin

*

767 £ 088

I U2

{MP-18)

FL R 1T

KRR}

L 1A

28 Pin

234038
| el 0 3403
nE*0.2 0.3min.
_n_rm =
KR ERERY, . ¥
4 Fin 23 H s
p o " H 2
' -
i b 2
7 } 2 5 P el
4 B R Ertod
2 Py T2
9 2 =
i 13 E
U ogn 5w 17 e
NI 25

(MP-28}

44 Pin

—

(MP-44)

" LLY{]
C s d]

G rHITACHI




PACKAGE INFORMATION

e Cerdip

8Pin

5.06mar ¢4min

= ~
b S| s
o

14Pin

16Pin

Pagen2s e

~ -
Ueggr g inde

(DG-18}

20Pin

T42 S.8max 254 min
| il |
f X v_i’,'(fl:{ Ll T
[ g
wz | f=i
tri— [;
s it
iRl -
L
i &l
[l n
ﬂ ! ﬁ‘
U_Zu‘n_'ghj J i
{DG-201
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RELIABILITY OF LINEAR ICs

In the following we review the reliability of linear ICs. The
intreduction of this linear \C 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

Hitachki's fundamentsl 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 occasicns 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 arder to se-
cure their reliability. Establishment of a quality control sys-
tem in the pracess and enhanced quality, are keys to bringing
about such reliable product quality in the manufacturing
process. In the market of late, the user’s reguirements 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 arder to cope with this trend, the fellowing points have
been adopted as the basic policy in Hitachi's actual cpera-
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 reliahility 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 semiconducior devices by
pooling the efforts of our research and manufacturing
departments. Based on the abhove concept and meas-
ures, our company is doing its utmaost to meet the uses’s
demand for product guality.

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 ¢lassify the reliability
target meraly by the failure rate under a certain testing condi-
tion. QOur company sets the reliakility target by taking into
account the design, manufacture, quality contral in the
process, screening, 1esting method, etc. with the contents
corresponding to the characteristic nature of each item of
equipment cemprehensively considering the service environ-

ment of the equipment to which the device is applied, pur-
pose dasign, operating, condition, maintenance, etc.,
22 HOW TO CARRY FORWARD RELIABILITY DE-
SIGN:
In order to ackieve 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:
Estabiishment of design rute 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 deveioped
products can minimize risks affecting reliability untess 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 1Gs and LSls containing complicated functions.
For transistors, & 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;

® Claritying 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 praducts.

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

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

® Casy to perform test.

Here described several concrete examples of reliability evalua-

tion by TEG.
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Table.1 Example of Reliability Program

IHOVLIH &

$D1 HVANIT 40 AllTavinad

Semiconductor maker Semicanductor user
Sales & Sales Product lit C
Mig. dept. quality ustomer
Mig. dep fhsp dept Design dept Trech. depr. Design dept Parts dept Mig. dept. assurance dept. Service dept. {end useri
| Karker research} fEquip. discussion
k
o« —n-l Fxam. of propused spec. l-—-- (T ven deaw scrnary 1 Parts spprowal ]
£ J"{ h i
= 4
a
B — = mm— - —
{ Determination of (i;veldpml'm plan — -
P,... ey | [
_ Devipa ot qualiy Characiensiies xpui e
:d {1iDesign of process —
i 12 Srandard zation
e 13iPlamning facilities
- gy =1 =] =
= L | = Design ceview ——o
H_‘!--—-—
E Trvelep irisl g T Purchese spec ul J
5
E [(once e sy ; [Pazrs spproval}]
& ual iy approva Cepunce g sher ]
LT F
Feliability daic} [
[ Comgrehensive evaluation My d
- g desp &
| Mass pred. trial E:! QE within pracess | design review Mass prod. tria
E
g v, Trial mlg. test ]
by Trial_mfg plan = = T
El 1 Call o7 =1 =
=2 L Comprehensive evaluation } { Comprehensive evaluation ]
T
. | My process i:l QU within process I I'Jj_
K o-———] anis sug i
{Handled as
develaped
aniclep} | Srece dekerme <miml Assemb]
[l elormacon F—ag - | E—
I Furlure atalyses r
s |
a Insp. & screening I [ Lot assurince "’LJ
z b Aging & debug
| tedic
Permteal relabiey cliability evalulon] abi
Freld evaluation Ruznin
T
=5 { D= L] Fuituse informanioe.
E P o =g Leeniemt anatrsis

* Fonginering Sample * * Commercial Sample




RELIABILITY OF LINEAR ICs

Table.2 Standard for Design Review

-

Hitaehi Standard for Design Review

NASA Space System Standard for Design
Heview,

Purpose Securing reliability vequired in the markel. Assurance of performance requived by the
S N el BPORYAM.
Definition Svstematical and organic confirmation and Systematical and orderly application af hroad
: promation of broad technical capacity. technical capacity.
Item of review Corvection of defects in lls-‘ilgn,'__ e _L‘Jlri(MJf[_.@fi(i: in design.
Designated 1ypes of products. Contracted projects.

!
Subject of review g
Time l

Concept Intermediate design Final design.

Prehminary Before mounting Before rejease
of drawing.

Designation ol project manager.

Person in charge or higher rank. aod reliability

Chairman EC()!le\(-un of designs.
Composition [\ I Retated responsible person and reliabiliny
A mDer H
t techneean. technician.

Authority i Recommendation of improvement.

Presentation of advice.

2.3 DESIGN REVIEW:

Design review is a procedure to systematicatly 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 arder to strengthen the competitive power of
aur products. In Hitachi, new products and design-changed
praducts are subjected to design review from conceptianal
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 fram the standpoint of
each specialist wha participates in the review. |f any
unclear item is found, a sub-program for calculation,
gxperiment or investigation is drawn up and executed,
The cantents or method of a retiability test is deter-
mined according to the design document and the
cantents of the drawing.

Checking whether the process capacity of the manufac-
wuring 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 cf 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 QF QUALITY ASSURANCE:

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

{2)

(3)

{4}

(5}

(8

(7

B HITACHI

(1) 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.,

{2)  Inorder to mairttain the process capacity at a good level,
teedback of information is performed.

{3) Quality assurance aims at securing the desired refiability

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:

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 cbjective recognition putting the
company itself in its customer’s place and by a third
party .

(2} Taking into full consideration past faflure examgles 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.

{6) The process capacity and causes of variations are

examined, and the contro! points at the time of mass
production are established.
Quatity recognition is performed by incorpoerating the above
concept.

3.3 QUALITY AND RELIABILITY CONTROL IN MASS
PRODUCTION

For quality assurance of mass production, the quality controi

wark is systermatically 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. T,
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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 seated type using metal or glass, and the other is the
piastic molded type. Selection of package types should be
done with ctonsidering the purpase 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 contral 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 cenditions are
equivalent to those of the hermetically sealed type. How-
ever, in the view of the guaranteed reliability (specificalty,

durability against environmental conditions), the hermetical-
ly sealed type passes inspection on a ieak test 100%. Due to
poor screening technology, the plastic malded 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 obwious that production
output and applications of plastic molded-type sermiconduc-
tor devices wilt be increased or expanded over the years that
lie ahead. To fulfill such demands, Hitachi has exerted
considerable efforts to imprave 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

@ HITACHI
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environmental conditions will be available in the near future. nt

4.2 RELIABILITY OF PLASTIC MOLDING TYPE IC

Open and intermittent open troubles are major causes of —-—-—-"'I’T—'_'

reliability failure of the plastic-molded type IC. Fig. 2 indi-

cates open fraction failure rate in terms of year. |n recent
years, the reljability in this aspect has been remarkably im-
proved. Fig. 3 shows the data of moisture resistance,

L
R T REITIRY o ._—-—"/m
A
O * \ J .
N 1 amitg ¢ L 1 L 1
\ I ! L J 5 i 2 i [T 5 SO e
e \ Y\ Nember ol Temperen Ceeles
i b SUTamdirienst D vl
\ Femperatare SV = [~ - R0
Planine - 16 Time Simeues, dmmuies, domte, imn e,
e eal el Uy
Passnation and o
eling Mate sz
e I Fig.2 Changes in Terms of lear of Open Failure
Lmprve mes Rate in Temperature Cycle Test
|
Pl | , 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 {C reliability test,
The items of criteria and measuring conditions vary with the
types of products.

1

Ahsolate Seam Pressure vnmilg -

Fig.3 Moidture Resistance of Plastic-
encapuslated IC's
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Tabie.3 Criteria for Failures of Linear ICs (Example)

ltem Criteria of failure (Notel Unit Remarks
mm max
Voltage gain u 3 Ui{3 dB
Rated outpul 1.%0.9 — w
Total harmonic distortion — Ux1.5 %
Qutput noise voliage — Ux1.5 V| Including pulse noise.
_‘:f [nput limiting voltage — U+3 dBu
é Power supply current — Uxi.1 A
g [nput offset voltage - Ux1.5 v
_E Input offsel current — Ux1.5 A
: input current & input bias current — Ux1.3 A
% | Max. output veliage swing [Lx0.9 Ux1la v
é Common mode input voltage range [L>x0.9 - v
Common mode rejection ratio — U+3 dB
Slew rate — Lx1.5 V/us
Open, Intermittent, Short, Half-short.
{Opern & short i . -
Including high & low remp. defects.
w | Airtight leak Major leak & minor leak. Applied 10 airtight scaling 1ype devices.
E% Appearance According to limil sample. —
En: Rusting & discoloration According to limit sample. —
§ Sulderability Aecording to limit sample. —
< Marking According to limit sample. —
Note U7 leitial Hmit max, value, 1. > Initial limit min, value.
Table.4 Results of Reliability Test on Linear ICs
Plastic-molded Type Hermetic sealed Type : Cerdip
Test Item Test Condition No. of Total No. of YFailure No. of Total No. of Fatlure
samples testing failures rate¥ samples testing lailures rate*
ipes tigme - pes 'Ihe 'pes time pes 1/hr
High temp. Ta=l2?’f.‘
Operating hfe Vee=Vee uax 1,660 1,190,000 5 5.3x10°*° 2,345 2,424,600 0 3.8x10
‘YFF=V[F LEE3
Ta=150C £29 793.000 0 1.2=10 ® 485 463,700 il 2.0x10°¢
Storage life Ta- =550 509 509,000 0 LB 10° - - -
Taw B5C — — — — 376 376.000 [l 24100
Humidity Ta-65C, 85%RH 3000 | 2.727.000 0 SAn - — - =
Ta=85C, 85%RH
Bias bumidity 443 443.000 0 2.0510°¢ - - - -
Temp. cyele ° C_w[;;mc 10.043 - 9 - 2.198 : 0 -~
551~ 150°C
Temp. cxcle life 200 Cyeles 4,280 0 - 800 - 0
. 0°C -~ 100
Thermal shock 10 Coeles 398 - 0 - m - 4 -
Solder heat 260, 0sec 404 - 0 — 305 — 0 -
. 1,500, 0. 5ms, directions of
Free  dvop X, Y.and Z each. 3 times 160 - 0 - 20 B 0 B
60Hz. 200, directions of XY,
Vibration fatigue and 7, earh. ithes 160 — [} 260 — ] -
Variable freq. vibration 100 2900z, G directions 40 -~ 0 - 260 - 0
of X, Y. and £ each 3 times
20,0000, directions of XY,
Constant aceejeration aod 7. each. 1 minute 160 - 4 - 260 ) - 0 -
- Ta=10"C, Zatoms
PCT ¢ hes e 260 ; 0 - - - | - -
Sulderability HC, Seec i — 0 - 300 - ! 0 -
with rosin flux H
225,
J.ead hend 9" 3 e 9% - J 0 - 45 - 0 -

* Confidence level 207,

18
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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 concernirg 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 {imainly the high
temperature operating life test} and field data. |n the case of
tinear 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 1C

7. HANDLING FOR MEASUREMENTS

Special attention should be paid about static electricity, noise
of surge-voltage when semiconductor devices are measured.
It is possible 10 prevent device breakdown by shorting their
terminals to equatize electrical potential during transporta-
tion, However, when the devices are to be measured or
mounted, they have to be left with terminals apen and there
is the possibility that they may be accidentally touched by a
worker, measuring instrument, work bench, seldering iran,
‘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 tracess, synchroscopes, pulse genera-
tors, O.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, aor to attach a clamping circuit 1o 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 ¢ircuit board, confirm that no soldering bridges or
foreign matter is observed prior to wrning the power switch
ON, As these precautions depend upan the types of semi-
canductor devices, please contact Hitachi for further details.

8. PRECAUTIONS FOR PHYSICAL HANDLING

There are considerable precautions to install semiconducior
devices 10 a phinted circuit board. In arder not 1o impaire
the reliability of a semiconductor device during installation,
cares should be taken when forming or cutting the leads,
soldering and remaving 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 80°. When they must be bent tess
than 90°, allow a space of more than 1.5 mm.

{3] Do not repeatedly bend the leads.

{4] Do not bend them sideways.

{6) Do not pull the teads with excessive force, to prevent
the device from being broken, The prescribed tensile
strength depends an their cross-sectional areas.

(6) Take care net 1o 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 saldering
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 passibie. Your soldering work
must meet test conditions of soldering heat, tolerability,
namely, 260°C for 10 seconds and 350°C for 3 seconds at a
point 1 to 1.5 mm away from the end of the device. Use of 3
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 lgads. Try to solder the lead wires at the farthest
point from the device surface.

@ HITACHI 19
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8.3 REMOVING RESIDUAL FLUX

To ensure the reliability and fifetime 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
corrasion may occur. Since cleaning over extended periods
or at high temperatures will cause swollen chip coating due to
solvent permeation, pay special attention o these precau-
tions prior to dissolution and toxity. Do not use any
trichlorethylene solvent. Far 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

20 @ 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,

HEPRODUCT 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 Single Pual Quad.

number of

channel)

Offset

Adjusting Exist Not exist Exist Not exist

Terminal

Phase Com-

pensating External Internal

Methad
B FEATURES
® Wide operating supply voltage range +5 to 18V
® Low input bias current 30pA
® Low input offset current 5pA
® High input impedance 10t
® High slew rate 13V /us
@ Wide common mode input voltage range
® QOperation to input near supply voltage (Vee) is possible.
® High voitage gain 106dB
® HA17080, HA17083 are capable of offset adjustment.
@ Pin for pin compatibie with Texas TL.08O series
ENOTE

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

HA17080PS, HA170821'S

{DP-8)

HA17083P, HA17084F

(DP-14)
HA17080G5, HAL7082G S

{DG-8)
HALT083G

(DG-14)

2 @ HITACHI



HA17080PS, HA17082PS, HA17083P, HA17084P, HA17080GS, HA17082G S, HA17083G

HPIN ARRANGEMENT
®HA17080

Ofiset

Null/Camp E

Vee | 4

p—

Vo [ 2] 7
Varn E::D—\—EI -

CTop View

®HA17083

Vi 11 E
Voot E

Offset
Nulil

Vee | 4

Offser

Null2 5
Vi | 6
V2| ?

S

Ofiset
Nulil

=

=}

Ver

=)

Veur 1

NC

Vi 2

Ofset
Nuil2

[ LT Lo =T s] L) =]

Top View:

HABSOLUTE MAXIMUM RATINGS  Ta=25C)

@HA17082

Vil E
Vour 11 E
Vool E

Ver E

S

a I Voo
7| Va2

6| Vo2

5| Vo2

Top View

®HALT084

Vourl E El Vaud
CHAAR
Vi1 E E] Vi d

10] Vo3
St
8 | Fewd

Top View

Item Symbol P, PS5 series G.G3S series Uit Note

Supply Voltage Vior 18 -18 v

Supply Voltage Vs - 18 -18 - v _
Differential Input Voltage Voerarsr 30 + 30 ¥

Input Voltage ¥ +15 +15 v 1
Power Dissipation I 625 625 miY 2
{Operating Temperature . T 220 o - 75 ] —40 to - 85 C

Storage Temperature Toru - 55 10 + 120 -85 te 150 C

Notes Vo If supply voltage i less than

2. 1" and PE are permissinle values to Ta 5007, and bevord that, derate wch 8. 3mW /A%

that, derate with 7. 800/

B ELECTRICAL CHARACTERISTICS iV, =

15V inght vubage i o suppls sultage

= Vep=—=15V, Ta=25C"

O wnd G5 wre pramassible values oo Tao 7000,

aml beymd

ltem Symbol Test Condition J min tp ' max Linit Note
Non A j 5 15 ,
Input Ofiset Voltage Ve, Ry 500 mV 1
A version ‘ - 3 6
Noo A P = 5 | 200
Input (ffset Current Lo o= 5. -1 pA 1
A version 5 100
Non A — 30 400
Input Bias Currem It pA 1,2
A version 30 200
Commuon Mode Input Voltage v Non A 10 — — v .
Range v E A version =1 — -
- R 10kG 24 27 — .
IPeak To Peak Output Voltage Vap s - V
R 2k 20 24 —
. . R 250 Non A 88 106 —
Voltage Gain Ao i - dB 1
Vo=~ 10% A version G4 106 -
Non A 70 86 —
Commen Mode Rejection Ratio CMR £ 10k - dB 1
A version 80 86 — l

@ HITACHI
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HA17080PS, HA17082PS HA17083P, HA17084P, HAT17080GS, HA17082GS, HA17083G

MELECTRICAL CHARACTERISTICS i Continued!

ltem Symbel Test Condition min typ max Unil Nole
] ] I'Non A 70 86 —
Line Regulation PSRR | R, 710k dB 1
A version 80 86 —
Supply Current fe: 1.4 2.8 mi 3
Band Widih BW Avp=1 — 3 — AHz
Slew Rate sk | [T Iov A 13— | s
Co=100pF. Ava=1
V../
Channel Separation v, Avo=100 — 120 — dB
Rise Time t- Fio=20mV, H.=2kQ, — 0.1 — s
(vershoot Virer Ci- 100pF, Ay, 1 10 - A
Input Resistance R, — 10° — 0
Input Noise Voltage V. H,=1002, f=1kH= — 35 oV He

Noteso 1.

Non A iy the standard o EA17080, 11A17082, 1TA17083, HA170R4.

A version is the standard o HALTOBOA, HA1TO082A. HAITOB3A, HAIT084A.
2. I's Gate Leak Current of J-FET. and depends on temperature,
At the time of measuremeni, 1t is necessary in keep junction tempsraturs.

3. s the value per 1 channel,

EVOLTAGE 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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HA17741G,HA17741GS . HA17741PS,
HA17741 ® General Purpase Operational Amplitier (Frequency Compensated)

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

EFEATURES

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

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

106dB {typ)
£13V (typ} [at R 2 2k62)

HALT741G

(DG-14}

HA17741GS

{DG-8)
HAL741PS. HAL7741
B PIN ARRANGEMENT m
HAI7741G :
P
Ne | 1 | xc (DP-8}
wel e 13 | vc HALI741GS
. HAL7T741PS
frser [ " HA17741
uf 3 12 | 8¢ N,
Viei—i] 4 i | vee e 8 | s
”":”E E Vo hem | B DLIV
[ B [
Nt 7 8 | nC Vtt[z 5 .Qlului\"
Top View Top View

EICIRCUIT SCHEMATIC
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HA17741G, HA17741GS, HA17741PS HA17741

HABSOLUTE MAXIMUM RATINGS | Te—25C:

ltem Symbaol ! ]I:’i:;;"t'zi;‘-b 20 HATT74LPS 20 HALTT4 LInit
Supply Voltage -——bl:-——-w—w--——--‘——j 1—8— e ;ls—_—— - ﬁg ___L
Ve 18 18 18 Y
Power Dissipation Pt 670 670 570 mW
Input Voltage V. T T 1‘15‘ ﬁ—-r—-‘;lsﬁ_ R —— l.";ﬁ‘”Ti
Differeatial foput Voltage Vi e + 30 30 + 30 Y
“Operating Tempevatare | T 20 to 175 2010 ' 75 90 70 «
Storage Temperature Foe - 65 1o 'I:)_(-)— —_”;[:—II_ZS— 55 1 - 125-—_ N

# 1 s the permissible value o Ta 851, amnd heyond that, derate with 7 6mW £,
2 ix the permissible value w To—45'C, and heyond that, devaw with & 3mW./%

HMELECTRICAL CHARACTERISTICS 1 V.= V. =15V, Ta=25C|

Item Symbaol Teat Condition min tvp max Uinit
Luput Offsel Voltage Vi Ry 10k — 1.0 6.0 my
Joput Offset Corrent I 18 200 na
Input Bias CUI‘I'L‘F;I - ) T"“"’*_‘ - ’T 300 n.r{h
R 10502 - % 130 | a\VAv
L.ine Regulation 1 - —
| eV [Ralta S 0 A ) A7
Voltage Gain A, R. 2K, Vio= - 1OV 8 . 106 - 4B
Common Mode Nejection Ratio CMR et 10RO ] “_R%O—l 90 | - db
Common Mode Iaput Voltage Range Vo #5710k 1, 13 | = v
T - Vi R T T v
Peak To Peak Output Volage - T —
_ Vv |kiBa o w [
E}\er Dissipation mP: at the time ol no load - 65 100 miv
Am——‘“m"* T SR VR-‘—E}TQJ“;H I | 0.5 — n\,'_,“-h
Rise Time 7. V= 20m\V, K. = 2k(2 | .3 - . M;i
R N I R e
Input Resistance K. 0.3 ! 1.0 [ — MO

BMELECTRICAL CHARACTERISTICS —2 Vo= —Vi — 15V, Tu=—2010+75°C, however as for HA17741, Te — 016 = 70°C

[tem Symbuo) Test Condition min tp max [ Unit
Input Offser Yoltage Vi | Ry=10k0 ) N = - 9.0 ] mV
Input Offset Current I, - 4400 'i nA
Input Bias Current E - — | 1100 ) ‘n:\ -
Voltage Gain A R ! . - » 80 | = ] dhb
Peak To Peak Qurput Voltage Vi R 2602 10 - - i v
@ VOLTAGE OFFSET ADJUSTING CIRCUIT INPUT OFFSET CURRENT V5.
SUPPLY VOLTAGE CHARACTERISTIC
H, 2 T T .
]
[ :
1 —
nE ok ER S i e
2= U% Ta’-]UU% B . ‘ 1
: ) |
‘—T——J Vir —— —t 7
- . ‘ | ‘ ‘
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HA17741G, HA17741GS, HA17741PS, HA17741

POWER DISSIPATION VS
SUPPLY VOLTAGE
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HA17741G,HA17741GS, HA17741PS, HA17741

POWER DISSIPATION VS
AMBIENT TEMPERATURE
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Phase Angle ¢ (deg.!

HA17741G, HA17741GS, HA17741PS HA17741

Max. Qutput Voltage Swing Vap-p V!

PEAK TO PEAK OUTPUT VOLTAGE VS

FREQUENCY
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HA17741G, HA17741GS, HA17741PS, HA17741

Valiage Gam Arn gl
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VOLTAGE GAIN, PHASE ANGLE VS
FREQUENCY CHARACTERISTIC(3)
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HA17741G,HA17741GS, HA17741PS, HA17741

SLEW RATE MEASURING CIRCUIT SLEW RATE VS SUPPLY VOQLTAGE
08
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Vewr V 0.2//
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3 +6 9 12 £15 T13

Supply Vodrage Ver, Vex (W]
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PULSE RESPONSE CHARACTERISTIC
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HAN APPLICATION OF IC OPERATIONAL AMPLIFIER

1. Multivibrator

Multivibrator is the sguare wave generatar 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, Monostabte Multivibrator with one stable state,
Bistable Multivibrator with two stable states.

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

axis of ordinates 5V/DIV axis of ordinates 5V/DIV
quadrature axis 2ms/DIV quadrature axis Zms/DIV
circuit constant | R1=8k(, R:—4k( circuit constant | B, =10k}, R.=2k{}
R:=100k2, C.=0.1aF Ri=40k2, Ci=0.47uF
Ri—on C:=0.0068u4 F
Vee=15V, Vee=-—15V Ri=x
Vee=15V, Vee=—15V
Fig.2 HA17741 Astable Multivibrator Operating Fig.4 HA17741 Monostable Multivibrator Operating
Waveform Waveform
i
: - A -
ﬁ R w | ,_
0 ] §R'
ja Ve ‘ . f
- )R’
L Lo ;
2R
i ' # e
- e
Fig.3 Monostable Multivibrator Operating Circuit Fig.5 Bistable Muitivibrator Operating Circuit
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HA17741G, HA17741GS, HA17741PS HA1 7741

Trigger Input o

axis of ordinates 5V/DIV
quadrature axis 2ms/DIV
circuit constant
R:=10kQ), R.=2k{1
C=0.0068¢F

R=cwz

Ve =15V, Veg=—15V

Fig.6 HA17741 Bistable Multivibrator Operating
Waveform

152079 3

fr*

LA
Tk

2EKIe

Fig.7 Wien bridge sine wave osciliator

1ok

Dse, Frequency filie

4

|
T Won Wop L ey

I
I
(RETR
T YT

Capacitance ¢ T}

Fig.8 HA17741 Wien bridge sine wave oscitlator
f-¢ ¢haracteristic

axis of ordinates 5V/DIV
quadrature axis 0.5ms/DIV
measuring circuit condition
Vee— 18V, Vip——15V
R,=110kQ, R.=11kQ
C,=0.0015¢%, C.=0.015uF
measurement result
f=929.7Hz, T./1.D=0.06%

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

HLE eng aut 1
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- i . i Sk
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: i
. ' 4
— T  ka
A e |
| [
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R d == r | % R
i kil
i .
:47 7 ,R’H 13 ]
e e e A A = - e %R”

Fig.10 Quadrature Sine Wave Oscillator

36 G HITACHI



HA17741G,HA17741GS, HA17741PS, HA17741

! T ] 1 TTTII T T
f—tn = mipk 444 Vb= —he =15Y
r =8apF | . A7 = 15068 R =150k
£ = 108p | Ri=151.200
R Tt f Rar= 10kit —5mn Out
B Rz 15K0  Ru= 1040
A T €71 ,00 £y 0npE L)
ANAE g o
“Cus Ot

axis of ordinates 5V/DIV

" quadrature axis 9.2ms/DIV
eircuit constant
Cr=1000pF (990, Cr:=1000pF 1 %90)
R =150k R =150k(2
' ! C\ = 1000pF (990" R, =160k02
iz T S ot Ry =15k Rz =10k
Ryy=16V K= 10k0Y
Fig.11 HA17747 Quadrature Sine Wave Oscillator Vee =15V Ver= 15V

f-Cn, Cvz, € characteristic
Fig.12 Output Waveform of Sine, Cos

e

kR

Hysteresis Tope Compirmear

Fig.13 Triangular Wave Generator Operating
Circuit
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HA17741G, HA17741GS, HA17741PS, HA1 7741

axis of ordinates S5V/DIV
quadrature axis 2ms/DIV
circuit condition
Ver=15V, Vig=—15V

Ry =100k}, C,=0.1pF

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

measuring circuit condition
Ve =15V, Vee=—15V

R =10kD2, R:=20k0
R:=100k0), R.—200k0
C=0.1pF

Fig.14 Operating Waveform of HA17741 Triangular
Wave Generator

R:
27kt

Rs
2.7k

Fig.15 Saw Tooth Generator
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H A1 7 7 15 G @ 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 fiiter, 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 B85MHz (typ)

Hl CIRCUIT SCHEMAITIC

(DG-14)
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25k
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Ko Kz : Tap ":kr— o i
e | 1 I,T —#«l Qe ; 4}—“)\:
I . . F.
c:» S Nw ; L
fha ghn §!g: ;ffw' Hes: frz!
Tk T Than e o 3 | "

H ABSOLUTE MAXMUM RATINGS {Ta=25C)

M PIN ARRANGEMENT

hy

Uomp Ar E Il Lol
Cumpls E zl Ve
(-,,c.‘qu 12 | Lo s
Finé — E E Vaut
Voat ¢ E El Uee

M E ZJ e

“ |: Z] W

{Top View!

Item Symbol HA17715G Unit
Supply Voltage Ve -~ 18 A
Supply Voltage Vi -18 V
Power Dissipation Pyes 625 mi
Common Mode Input Voltage Vioy® +15 v
Differential Input Voltage V. o +18 \Y
Operating Temperature T 2010 +75 C
Storage Temperature { T 65 to r150 ¥ C
[ supply voltage is less than - 15V, input volisge is to supply voltage,
M Hl's @ permissible value to Tu 700C, and bepond that, derate with 7.6mW /"
B ELECTRICAL CHARACTERISTICS-1 { V.. = — Vip=15V, Tu=25C}
Item Symbol Measuring Condition T min typ max Lhit
Input Mfset Voliage V. K7 10k 2.0 7.5 my
Input Offset Current L., ! 70 250 nA
Input Hias Current I, 0.4 1.5 HA
L.ine Keguration 2 t,:;ﬁ t;:; R 10k0 45 400 FAAFAY
Vollage Gain Au Ry 2kl Ve, - 210V 10000 30000 VIV
Common Made Rejection Ratio CMK K. 10k02 74 92 v
Common Maode Input Voltage Range Viw 10 12 v
Supply Current I, 5.5 10 mA
39
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HAT17715G

B ELECTRICAL CHARACTERISTICS-1 {Continued)

ltem Symbel Measuring Condition r min typ max | Uuit
Power Dissipation Py 165 300 mW
Band Width BW Avp=1 = 65 - MHz
Acy=100 - 70 - Vs
Aci=10 - 38 - Vips
Slew Rate SR o s
A =1ipositive phase) 10 18 - Vires
A 1inegeative phase) 100 V/ius
Transient Stable Time Laci V=58V, Ac.=1 - 800 - ns
Settling Time tsrn Ao =1 - 300 ns
Rise Time t, V.. 400mV, A4.;=1 - 30 75 ns
Overshoot Vier V.=400m¥, A.: =1 - 25 50 %
Input Resistance K. - 1.0 M
QOutput Resistance Rt 75 - a
Temperature Drift SVl - [ - YA
B ELECTRICAL CHARACTERISTICS-2 (Vo= — Vi =15V, Ta=—20 to +75'C)
Item Symbol Measuring Condition min typ max Unit
input Offset Voltage Vi R.=10kQ 10 mV
! Ta=75C - 250 nA
Input Offser Current L, I " - m—
| Tu 20C - 750 nA
| Ta-75C - 1.5 HA
[nput Bias Current I Tu=0C 7.5 A
Ta 200C - 10 HA
Voltage Gain Avy Ry=2k0, 7000 - - VAV
Peak To Peak Output Voltage Amplitude Vo v R, &2k L10 =13 - v
INPUT OFFSET VOLTAGE VS.
DEFINITION OF TRANSIENT RESPONSE WAVEFORM AMBIENT TEMPERTURE
" 18 . . ———]
. Fe- - = Sewling Time  —=t . | S LI
: | e e
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HA17715G

PHASE COMPENSATED CLOSED LOOP GAIN VS.
CIRCUIT COMPENSATED CAPACITANCE
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HA17715G

COMMON MODE REJECTION RATIO VS. PEAK TO PEAK QUTPUT VOLTAGE VS.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
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Il AN APPLICATION OF HA17715

HA17715 is an operational amplifier of high slew rate, and is In case voltage gain is 10, it is allowable to insert capacitance
optimum for the application in the field requiring high speed of C, to between terminal 1 and 12, replacing C, and C,
signal processing and wide band width. The following from the above figure. In that case, the value of C, is 200pF.
describes an application of HA17715. (3] In case voitage gain is 100

1. Fundamental articles for using HA17715

1.1 Method of using phase compensated capacitance 1008
Because HA17715 is high speed and high gain, it is especially e
necessary 1o notice the prevention of ascillation at the time
of using it, On account of this, capacitance value for phase Vi — A4
compensation is being recommended as shown in Fig, 1,
satisfying the largeness of closed loop gain for use. -
(1) Incasevoltagegainis 1, B .

S00pF I?ﬁtlpf"

Fig.3 Phase Compensation in case voltage gain is 100

Vaur

{4)  In case voltage gain is 1000

100pE LO00R

“’lmno;ﬁl _—
I e '
[

Fig.1 Phase Compensation in case voltage gain is 1 Ve

Vawr

In case of voltage follower, in order not 1o have latch up
occur at input stage even if gutput is increased, it is necessary
to insert diode to cascode terminal as shown in the figure. R %
[2) In case voltage gain is 10 .

Fig.4 Phase Compensation in case voltage gain is 1000

A 1.2 Cffset Adjustment
The adjustment of voltage offset can be perfermed by apply-
ing volume etc. for offset adjustment use to input terminal.
In case of HA17715, it ¢can be performed effectively by using
Vou terminals 1 and 2 for phase compensation use to input
-t 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. &

09K

500pF LOG0pF

Pl

Fig.2 Phase Compensation in case volitage gain is 10
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HA17715G

7 Vee
50k

4

Fig.5 Otfset Adjustment of HA17715

2. An application of HA17715

2.1 High Cycle Ampiifier

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

7508

I3V

Vig = -
Fig.6 High Cycle Amplifier
Ry

R,

Re

5

expressed by A.—20 log ~=20 log (14

)

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

[y ]

Frauency f Mz

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

g VR G
AR e T8
f= 2).( ;’l/’TVR;' RC-CLT

Table 1. Constant Table

.Frequency Range- T C C,
10 to 100Hz 3uF 7.50F
106 to 100GH= . 3uk 0.754F
1k to 10kHz 0.03uF 0.075p0F
T10% 1o 100kHs | ©0.003u1 0.00754F
100k to 1000 kliz 300pF 4 1500 750pF

Hwing

-§-‘\:usl.
k2R

Fig.8 Wide Band Width Oscillatot

Note 1. By switching C, and C,, it is capable of oscillating
the range of from 10 Hz to 1 MHz by 5 range.

As for output amplitude, about 3 Vpp is optimum.
The amplitude of each range is stabilized by the
fine turning of C, .

By the adjustment of VR _, uniformalize amptitude
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
ta make high cycle waveform shaping good. Fig. 11 shows
the relation between minimum identification level and re-
sistance.

2.
3.

4.

(L]

M

Lusstke

Lok

Dscillation Freguency f (Ha?

Fig.9 Oscillation Frequency
vs Capacitance

Tk LaHIe G0tn .1
Capacitance () 1 Fi

L
08
Actual
Valur
uAr Ideal Value
i
Vo= Voo peake 2
ek s peak: o

o 206

o
1w
Fig.11 Minimum Identi-

(5]
R

Fig.10 Waveform Shaping(Siice)
Circuit Of Schmitt Trigger
Method

G HITACHI
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HA17747G,HA17747P,

HA17 747 @Dual Operational Amplifier

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.

BFEATURES

® |ndustrialuse ., . ........ HA17747G, HA17747P
® Commercialuse . . . ... ... ... .. ... HA17747
® High Voltage Gain . . ... .......... 106dB {typ)
® Wide Output Amplitude . . . 13V (typ} [at R|_ = 2k&2]
® Protected to Qutput Short

® Capable of adjusting Offset Voltage

]

Internal Phase Compensated Type

B PIN ARRANGEMENT

4

_ Oilset
V=111 R R
13 | ¥eel

Offset
i I 12 |Cutput 1

Ver

Va1

Offsee | o 19 {Outpur 2
Null 2

LTI AN

viioizl ¢ s | Oliser

G111

iTop View}

B CIRCUIT SCHEMATIC(1/2)

Vir

——{{4. [T, SeSS—
ik
g

HAL7747G

{PG-14)

HAL17747P
HA17747

(DP-14)

Uftaes Null

44 G HITACH)




HA17747G, HA17747P, HA17747

H ABSOLUTE MAXIMUM RATINGS (Te—25C)

ltem Symbol T 17 HA17747C: 2 HAL7747P 20 HAL17747 Unit
Supply Voliage v sl sel o w] N
i i 18 -18 -18 v
Power Dissipation 676 | 570 570 | mw
fnput Voltage T 215 | 15 ris | v
Differential Tnput Voliage 130 +30 | +30 v
Voltage between Offset Adjusting Terminal and ¥y - <0.5 190.5 0.5 Y
TOperating Temperstere | T, | e 175 | 20t i75] Qe 76| €
Storage Temperature T 65 1o '150 | 55 to 1125 I 56 to 1125 "
1 vulue under T 6500 In rase of more thon i 7.8mW /U decuning shall be done,
2 Vabue under Tet 457, In cuse of more than it 8, 3mW/ T dervating shall be dune
* 1 wapply woltage is less than - 15V, wpot soltage s to supply voltage,
M ELECTRICAL CHARACTERISTICS-1 i V.. = Vi — 15V, Ta—25C}
[tem ) Symhol | Measuring Condition min typ max Unit
Input Uffsel Voltage [ v, [ 10 6.0 my
Inpot Offsel Current T LT T o T A
Input H_]u&&rn'nt_ - ‘ I J : . 8& 500_ nA“
Nolage Gain 47/1-‘.7. ! Ve 10 7_33%]_ we | [
Suopply Current I T at the time of no load i 1.7 2.8 mA
Power Dissipation [ i It’s the value per I channel. ‘ 50 83 mW
Input?;‘hign('t‘i - B T e T i N 9.3 7%?7 - | 71\107
Input Capacilance 1.4 pl
Outpt Hessstanes 75 T o
“Slew Rate T T s [T s
Rise Time i Vi -20mV, K. 2k%, 0.3 s
U\-‘VeV l':hru.o-lui - - - —L ] Ci- 100pl o 5? ﬁ ] e
1;1;1:1 .()[f&l'-l_mlugr Adjusting Hange f ..... T mV -
Output Short Current T mA_
“Channel S:pa vaten wf ] Tes”
BELECTRICAL CHARACTERISTICS-2 (V.= —V,. =15V, Tae-— -20 to 1 75°C,
however, as for HALT747, Ta=0 to —70°C)
ltem ' Symhol Measuring Condition 1‘ min typ | max f Unint
I_nput (Hiset Vaoltage J Vi K 10k8D | 1.0 . 9.0 ; mV
Input Offsel Current 20 | 400 nA
In;;uit iiias-{furr;{ - B e 7534_{-100—- TaA
J.ine Keguration 30 150 sV
NVoltage Gain a0 | 4B
“Common Mode “-R;-ecw;) Ratro - I : 90 | an
Common Mode Input Vultage Range u 12 ! 13 v
Pek To Deai o v R, 10k8 T v
eak To Peak Ourput Voltage Ampiitude T
R 2kf2 ‘10 T 13 Ay
ly Current L _l at the time of no load j 21 3.7 mA
Pawer Dissipation P, . 1t's the value per 1 channel. 65 110 iy
Nate - An for characteristie curves refer o HAITT
& HITACHI 45



HA17458GS, HA17458PS,
HA1 7458 @®0ual Operational Amplifier

HA17458 is a dual operational amplifier which provides i ’
internal phase compensation and high performance. It can be HAL7T458GS
applied widely to measuring centrol equipment and to
general use. '

Industrial Use . . .. ... .. .. HA17458GS, HA17458PS
Commercial Use . . _ .. ... ... ... ..., HA17458
W FEATURES

® High Voltage Gain . . .. ........... 100dB (typ)
® Wide Output Amplitude , . . *13V {typ) [at R 2 2k1]
® Protected from output shortcircuit

® Internal Phase Compensation

{DG-B)

i1A17458P8
11A17458

M PIN ARRANGEMENT

S

(DG-8)

CEL

[(Top View}

H CIRCUIT SCHEMATIC(1/2)

Vie

g=

2 A 2
£Rs 2
LA 1 T

A ~
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HABSOLUTE MAXIMUM RATINGS (Ta=25C)

HA17458GS, HA17458PS,

HA17458

ftem Symbol THHAL7458GS | 2)HA1T458PS 2)HA17458 Unit
Supply Voltage Ve +18 +18 +18 v
Ve 18 - 18 —18 vV
-_F;;.\—V:;' Disﬁipa[i();“—_ﬂ T Pr. T 4H)‘6“}0_~ - - _R”é?u_-Ri--Rru‘—_‘g?—(Tm m“"’—
Input Voltage V= 115 £ 15 +15 v
Differential Input Voltage ST 77*7? N7l T *—*;3‘(-]'*7 130 130 v
Operating Temperature Tope 20 te 475 -20 to +75 0to 470 C
Sterage Temperature T T T Tae | - 65te t156 | —55 to +125 | —55 te +125 T
#*1; Value under Ta<65¢.. In case of mare than 51, 7.6mW/'C derating shall he done,
2):Value under Te£45°C. In casc of more than it 8.3mW /U deraling shall be done,
® %1 the Supply voltage is less than =15V, input voltage shall he less than supply veltage.
M ELECTRICAL CHARACTERISTICS-1 (Vo= V. .=15V, Ta=25°C)
ftem Symbol Test Condition Min Typ Max Unit
Input Offset Voltage Via R.Z10kQ 2.0 6.0 mV
TInput Offset Current | I T T T TS T T s T e | e
Input Bias Current _ L . _ 1L _% 508 nA
[m;;:m: T avave | R T T T s | ey
AV Ve | RSI0KD l 30 150 VAV
“Voltage Gain | Aw ] Rezmn, ve=Liev | 86 100 ~ “aB
Common Mode Rejection Ratio CMR R.Z10k02 70 90 dB
"Comman Made Input Voltage Range -MMVr u :12‘; “;113 L v
Peak-ta-peak Output Voltage Voo Ry=10k02 + +14 v
_P;;;ver Dissipation T '?7 R EdWﬁ ST S0 200 mW
Slew Rate SR A.-1 ! 0.6 Vips
mut Resistance V—J—E:_i ! 0.3 1.0 - M
P — o] ! TR o7
Cutput Resistance I thW E D 1 - 75 - [¢]
M ELECTRICAL CHARACTERISTICS-2 (Vee— — Ver—15V, Ta— 20 to +75°C,
For HA17458, Ta=@ to +70°C)
Item Symbol Test Condition Min Typ Max Unit
Input Offset Voltage Vin R, =10k0 -- 9.0 mV
Tnput Offset Current A B I - 00 | - nA
TInput Bias Current I T T T T - - 100 | naA
Voltage Gain Ava Rz Vi, = 110V 80 dB
Peak-topeak Ouipnt Volwge | V., | Ro-an | v | | - [ v
@ HITACHI 47



HA17458GS, HA17458PS, HA17458

INPUT OFFSET VOLTAGE VS.
AMBIENT TEMPERATURE

Inpur Dffset Valtage Vin imV3

fis=10ki

4
3

..‘""'--..____.
2
1
n

Fit) ) 29 410 iy &0

Ambient Temperature Tz (7

INPUT OFFSET CURRENT VS.
AMBIENT TEMPERATURE

21
Ve — 415V _|
Viw = =13V
_
s
= 12
e
&
3 \.\_‘N
: —
5
5 ™
£ . ""--..______
)
- Ut [ 20 i Hin E
Ambrent Temperatece Tu (')
VOLTAGE GAIN VS,
AMBIENT TEMPERATURE
126 e
Ver - #19V
Ver - -134
R -2kt
1t
a
=2
2 e e R
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HA17458GS, HA17458PS, HA17458

POWER DISSIPATION VS. MAXIMUM OUTPUT VOLTAGE SWING VS.
SUPPLY VOLTAGE SUPPLY VOLTAGE
200 | o _{| i(
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e Bt Amplifiers ] 5 ]
[EE S z 7
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HA17458GS, HA17458PS, HA17458

W

Maximum Ouepun Valtage Swng Vaw v

Input and fhutput Vnitage (V'

MAXIMUM OUTPUT VOLTAGE
SWING VS. FREQUENCY
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HA17558GS,HA17558PS,

H A1 7 5 5 8 @ Dual Operational Amplifier

HA17558 is a dual operational amplifier which provides
internal Frequency compensation and high performance. it
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, HA17558P5
Commergial Use . . .. . ... ... .. ..., .. HA17558
MFEATURES

® High Velaage Gain . . . .. .. ... ..... 104dB (typ)
® HighSpeed . .. .................... 1% fus
® Continuous Short-circuit Protection

® | ow-noise operational amplifiers

® |nternal Frequency Compensation

MPIN ARRANGEMENT

-
Outpug A E v
nv. .
Iapus & L2 3 Dutpne it
N . v,
lnput A = b leput
: Non Inw
v |: - :
v = fupu B

iTop View:

M CIRCUIT SCHEMATIC(1/2!

0 Ver
I
Zlh
o Ve
VT

HA17558GS
|
|
I
|
{DG-8)
HAL7558Y5
HAL7558
i
{DP-8)
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HA17558GS, HA17558PS, HA17558

MABSOLUTE MAXIMUM RATINGS ( T'e—25C)

Item Symbol T EIA17558 HA17558PS HA17558GS Unit Note
Power Supply | Yer ‘L-f L L T8 \
i : - 18 -18 18 ¥

Commen-made Difterential Vollage Vi - 30 30 +30 v B
Common-mode Input Voltage T “;—_Wu—w : o +15 =15 +15 v 1
Power Dissipation P | 603 | 1031 CEon | ww ﬂ_m
Operating Temperature Range T.. l 0 +70 —20--+175 —20~-+175 °C
Storage Temp(eralure‘ Range T “_-77“].".,,, [ - hh-~ 1125 65~ 125 —65—+150 C
Note 1.0 For supply voltage less than 1 15V, the absvlute maximum input voltage is equal tn the supply vollage.
Note 2.0 Value under To=85'C, In case of more than it, 7.6mW /0. derating shall be done,
Note 3.7 Vaiue under Te=45C. In casc of more than i, 3.3mW,°C. derating shall be done,
B ELECTRICAL CHARACTERISTICS (Ta—25C, V.= 15V, Viz—- 15V}

Test Item Symhol Test Conditions T Min
Input Uffset Voliage Vi R =100 i
;lput aff:el é‘;:rrumm—ir - T fm_ -
E}Jul Bias Current 1o
Veltage Gaim | A HiozZ2kfl, V.- £10V T8
Maximum Ouiput Voliage Var ,: T TR = 0kr +12
Maximum Output Voltage Var i
Common-mode Inpul Veltage Range T V_\,_ ] 12
Commaon-mode Rejection Ratie ?{R 0
Supply Voltage Rejection Rntir;_-“ T gﬁ -
Power Dissipation I
Slew ﬁatz- T T SK -
Equivalent Input Noise Voltage ¥ =
Channel Separation CS

B TYPICAL PERFORMANCE CHARACTERISTICS (Tu—25C!

OPEN LOOP VOLTAGE GAIN VS.

FREQUENCY
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HA17558GS, HA17558PS, HA17558

Wy
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HA17558GS, HA17558PS, HA17558

COMMON-MODE INFUT VOLTAGE VS. INPUT BIAS CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
20 100k I
= Vee =15V
T l Vo= - 15V
&y B iy
AN ) ———
E \ \ z qn
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—ZU 20
+4 L8 Ed ¥ *16 18
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HA17558GS, HA17558P5, HA17558

SLEW RATE VS. AMBIENT

SHORT CIRCUIT CURRENT VS.

TEMPERATURE AMBIENT TEMPERATURE
14 6
Fre s 15V Yoo 15W
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L3 i z 5o
2 = Tpk =
- =i £
. N [ Sk
PO E —
= — 5 ——— —
i ° —
£ ond é B0 i =]
A bj Source | —
%
wh 20
04 1
=20 o 20 1 itk A -2 4 1] 449 0 H
Ambient Temperatare Tn 1) Ambient Temperature Ta ['CH
INPUT NOQISE VOLTAGE VS. FREQUENCY
1uu T T i I I i i H
Ry — 1000
B i
S I
E
- ]
0
2
ES k] 11111
i |
]u o Ly fin Th ik 1iik
Frequency § 4l
INPUT OFFSET VOLTAGE VS. COMMON-MODE REJECTION RATIO
AMBIENT TEMPERATURE VS. AMBIENT TEMPERATURE
141 I
) Vre=15Y o] z Voo =15V
Vry= -1V = Vi = -15Y
~ =
< <
% [—— L — At
f I £
_ =
k3 x M
° ., g
g
Eow
-4
40
—un 1) T 40 &) Kb ) 1} 20 40 60 A0
Ambient Temperature Ta (01 Ambient Temperawree Ta (CH
G HITACHI 55



HA17558GS, HA17558PS, HA17558

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

M CIRCUIT EXAMPLE

RIAA PRE-AMPLIFIER

FI5Y
OB E it 7 [+}
| Il
| I
“+
1080 F
36ki) BkEL -
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HA17904GS, HA17904PS,
HA1 7358 @Dual Operational Amplifigr

HA17904 is a dual operational ampiifier, which provides
internpal 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,

ECIRCUIT SCHEMATIC(1/2)

HA17904GS

(DG-8)

Q2 Qr i
Input = G Q

Input +

B PFIN ARRANGEMENT

Output 1 E ] Yoo

Input 17 E 3 OQutput 2

Input 1° E 3 Input 2
GND E ] Inpur 2°

{Top View!

HA17304 S
HA17358

(OP-8)

Ouiput
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HA17904GS, HA17904PS, HA17358

BABSOLUTE MAXIMUM RATINGS (Te=25C}

liem Symbaol 1) HAL7904GS | 21 HA179041°5 21 HA17358 Unit
Supply Voltage Vi 32 32 32 v
Outpat Sink Carrent e 50 50 50 mA
PPower Dissipation Pes 570 570 570 mW
Common Mode Tnput Voltage ’ Ve 0.3 ta V.. 03 16 V.o 03 o Voo v
Differential lnput Voltage Voaage t Ve + Vi ko Ve A3
Ohperating Temperature T -40 to +85 S20 to 75 0 +70 ¢
Sworage Temperature T 65 1o | 150 -55 1o +125 -55 to +125 C
* 15 Value st TeS754. In ease of more thae it 7.6mW/"C derating shali be done in HAT7904GS.
200 Value wt To 5510 1o cane of more than i 8.3mW, 0 derating shall be done in HAT79041°5 ancd HAI7358.
MELECTRICAL CHARACTERISTICS (Vir—=15V, Te—25C)
[tem Svmbol Test Condition min typ max Unit
Input Offset Voltage Vi Viw =7.5V, K. =500, R, =50k — 3 7 my
Input Ofiset Current fre: Vie T.5V Lo WL I % — 5 50 nA
Input Bias Current N Vi =78V — 30 250 ) nA
Power Source Rejection Ratio PSRR j = 100Hz, R, =1k0D, R, =100k0 — 91 — di3
Vuoltage Gain Avn R, - =, Ry k0, K, =100k 7 90 — dB
Common Mode Hejection Ratio CMR K. :50-5.1‘ K, =5k — 80 — dis
Vi Rs 1kQ. K, =100k 13.5 — — v
Common Mode Input Voltage Range
Viou K.=1kQ, ki, 100k — - 0.3 v
IPeak-to-peak Output Vollage Vi, FO100H., K. -20K0, K. O1KO, R, =100k80 — 13.6 — v
Qutput Seurce Current I Vi =1V, Tin =0V ) 20 “__I 71.;;—
”()ulputi"f'}inkr (’lurrenl o Vis =LV, Visr -0V 10 20 - mA
Cuiput Sink Current - F Vie =1V, Vi =0V, V., =200mV 15 50 — BA
Supply Current h. Vie=GNDL Ry = — | o8 2| -mA
Power Dissipation al ne oad Py Ry — =, Vi« -GND 12 30 mW
Slew Rate SR Ry =vo, Vew =75V, f=1.5kHz — 0.6 — V/pus
Channel Separation Va/Vie | J - 1kHz — 65 dB
Note A for the chacacteristie curse, see the HAIT902.
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HA1 7301 P, HA1 7301 G @ Quad. Operational Amplifier

HA17301 is a quad. operaticnal amplifier which provides
internal phase compensation, and mono power source opera-
tianal is possible. Generally, it can used for waveform gene-
rator, vcltage regulator, legical 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

B CIRCUIT SCHEMATIC

Vo 0 Vewrt Wiw 2

® 0

HAL7301P

(DP-14)

HA17301G

{DG-14)

Venid Vo 2 Vems Vimie e

o

Voo Q14

Viwen Fiuion

Viaeeny Faend

Note'  FKight emitters shall be connetted to pin 10203, 8,8, 11, 12 und 13 vespeetvely,

MPIN ARRANGEMENT

o iy - iy
Vst E E Vet e 13
Yo E 2 | Voo
L E : E Vial-n1
Vurr E E o
[ E —E-_T_J Yours
) E E] Yoo

(Top View!

G HITACH!




HA17301P, HA17301G

HMABSOLUTE MAXIMUM RATINGS ( Te=25C!

liem Svmbol HAL73010? HAL7301G Uni
Supply Voltage 15 J 28 28 \S
Naon-imnverted fnput Current I, I 5
Sink Corrent fo 50 £
Source Current l... | 50 50
Power Dissipation® I ! 625 625
Operating Temperature T | 200 78 49 to i B3 \ ¢
Storage Temperature T. 55 to - 125 65 e b 150 C
# o HAIZEOI, ot v value umlee P90 30000 Lo cane of mare than oo B.3mW A 0 deratig shadl lwe e
B AITI010 e v a0 salue wbies T TOC. In eose of moee than it TemWS T deranme shall e done,
MELECTRICAL CHARACTERISTICS-1 i Vi - F13V. R, =50k, Tu=25'C;
item i Symbol Tent Condition min Lp | max | Unit
Voltage Gam Yon 1000 | 1400 - LTAY
fi Non-imverted input: open 7.7 10 mA
Supply Valtage — - - T T T
f l Noo-mverted input GND 5.3 14 mA
fnput Bias Current 1 'K, - 80 300 nA
Current Miveor Gain A i [ 2000 0.80 0.94 ; 1.16 AVAN
(Ve 04y I3 13 A
Saurce Current f. :
oo [ v a0V S o - wa
Sink Current fow Voo 4y 0.5 0.75 nA
[§ 1.5 . 139 | - ] v
tutput Voltage ¥ Uloverted [nput Driving 0.04 0.1 1 v
¥ Nen inverted input Deivimg 0.5 - Yy
Output Resistanee K. | Inverted apur Only 0.1 1.0
Slew Rute SR Y 100pt 80 - 3.0k0 : 0.2 Vi
Bandwadth B [ 1 ; - 2.6 - M.
Phase Margin & ! - a7 g
Power Souree Rejection Ratio HERR {1000 | - 63 - dbs
Channel Separation Vaave o0k 63 B
BMELECTRICAL CHARACTERISTICS-2 (V.. — F15V, B =5.0k02, -40°0C % Ta 857
Item Symbol ' Test Condition min vy max LUnit
Voltape Gain i : 1400 - AVAY
Input Fhas Curvent I ! 80 nA
Carrent Miveor Gain Deidt A, i | — 121 - Y
Note o HAI7IOUE: © S15V. R v SORR. 2000 Te 7S
INPUT BIAS CURRENT VS. SUPPLY CURRENT VS.
AMBIENT TEMPERATURE SUPPLY VOLTAGE (1)
o - — m —
I : | Ve =isv T - 25T,
| it
T [ I Voo =apen
120 . 12
. M H b A L1 ke ]
7w ™ L | J Iy -
= T T T
2L i N b | et
o RN ‘ ~]
= . \ ~C /l’-
- | N : | |
T Pt — i S~ ; —
=z ™~
4 T
! |
1 I P
€0 z -
: |
t }
1 i‘
—49 —20 0 20 49 &0 &0 100 i 4 12 13 2u 2 Fi)

tmhieat Temperature Ta 70
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HA17301P, HA1T301G

SUPPLY CURRENT V8.
SUPPLY VOLTAGE (2)
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HA17301P, HA17301G

B 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.

(L8 Sl 4

L
R

R
T .
S - S e
(jj i I - ‘ :

p Amp )

Haas Ciremt

Fig.1 HA17301 Internal Equivalent Circuit

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

The Op Amp 1t 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 (02} and Current Source Transistor
{Q10). In this circuit, the voltage gain is all depend on TRS
Q1, and large open loop gain will be cbtained by current
source load Q5, even if the supply voltage is srmall.

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

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, capaciter C1 is provided to keep the circuit
stable, so no external compensaticn is reguired.

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 encugh, flown through diode D1.
The input current causes voltage drop at D1, which will be
added to base-emitter junction of Q3. Therefare, if D1 and
Q3 are maiching, 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 resistar, 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 cireuit
is to give bias valtage to current source Q, and Q, , of opera-
tional amp, in which referance voltage is voltage drop of D, ,
D, and D, .

Emitter current of Q, (Ig,) is;

{Hﬁw ................................. 1)
2

where; Vg, -......... voltage drop of D3
Wy e voltage drop of D4

VBEu ........ VBE of Qa
When these elements are all matching;

Vs = Vos = Vipg = Vg creeeerrseecmmmimecniaen. (2)
N - VHH .................................................
Ara R (3}

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

Vo + Vs + Vou — Voo — Vies

T = R, e 14}

When these elements are all matching;

Voe=Vyi=Vos=Voy=Vupy=Vig -oromreemees 13)
. Vi
R Rﬁ: ................................................ i6)

NPN Current Source Q,, will be set to be Vgg/R, by Dg.
The most important feature of this bias cireuit is that the
value of current source is not depend on the supply voltage.
Q,, i 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, NV biasing method and negative voltage biasing
method,

2.1 Mono Power Source Biasing Method

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

I
J—
. H A1l I
( L
A —maed
fhp s DK Vo ot
Vi
@s& e
i Rt Fig.2 Mono Power Source
v Biasing Method
_V“‘ = — & ................................................ 17}
V. e
2.2 NVgg Biasing Method
Re I
1MQ
Cu R Vee
0.1uF  lookd 1} v
b oVeu
Va g, 3822
w

Fig.3 MNVe.. Biasing Method
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HA17301P, HA17301G

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

Vor __ B2
Vi R

.............................................. (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.

M2 120kR |

Fig.4 Triangular Wave Generator

Vo2

L

FoTm T Tow =

¥n,

Fig.5 Operation of Triangular Wave Generator
CLRIRZK Vﬂ)ll

T’“‘= R_.,[V*fvm_f) ..................................... (9)
GV
Ton— p (M = Vm-) 1o
"R R
Under the conditions of R, =2R,, Vo =V"', V" »VgE:
Tusrt Torm 2OBRS s 1

Veur

Fig.6 Operation Waveform of Triangular
Wave Generator

64

Table 1
ftem | Test Condition t}:i‘j:nm Silll;ue!aled Unit
Toe | Uiy | 106 | 083 |me
- €1 =0.001x

Triangular Ta.. ﬁ\ iﬁaa?n 0.82 0.83 |ms

L -

Wave Generator ‘ Ha =100k, ;
Vo RIIna 13.5 14 V
Vo | Fo P01 s 15 [ v

4. Comparator

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

4,1 Positive Input Voltage Comparator

!

+ Vi 00— AAAA——— ] —
1MQ

I Veur
+Vrey O-—’\N\N——.—— +
iMg

Fig.7 Positive Input Voltage Comparator

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

Ver = 28V

!
'
2 | j
I i
|
20 20
=15 v
= ;
11 !
4 R
Varr =5V
5
4
3

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

4 —

R LY

!
0

Vars —0 5V

" r B In 33 H 1R 1
Vi (V1
Fig.9 Operation Characteristics of
Paositive Input Voltage Comparator (2)
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HA17301P, HA17301G

4.2 Negative Input Voltage Comparator
o

i
L, 1,

Bk F ziiko

H '
Vo e A
2k
Hy
Virns oo e —
B

Fig.10 MNegative Input Voltage Comparator

ra
Vie R { V’“.(RL [= f} ) :’{ } ...................... 149

Vier = Ry { Vﬁt.(f_}: + h}‘) *%} """""""""" 13

Wher using resistor R, and R, which meet Ecuation {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 Vg
under 17> 1%,

kL -‘ T 1 T .1
. | Lo
; I ; .
! T | T =]
. | . i
b X i T ]
B 1 ‘ FR {11
H i ~
4 | 4
| | | i
[ R e L
! Lo ;
E : : -
R S S e FI?TI;' I
s 'Vw) - LY 1 :
| il
" : A= 1
n B [l -1 - w

Irput ¥altage Voo 1V3

Fig.11 Operation Characteristics of
Negative Input Comparator {1}
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A e -

' . !

: | ! |

T ! Vo= sy
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.

Ty - e —

| ‘ i

itpu
x —_
|
Vary 3
|
|
. t
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I :
i !
.
i

Iegue Velige Vo iV
Fig.12 Operation Characteristics of

Negative Input Comparator (2)

43 Power Comparator

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

o -

dhsl
1im A
AMIT
disy
15
Lase ) !
1\ :
- s i e eI
N ‘ b 1
1M - ,L
Fig.13 Power Comparator
24

.

i 2 i i ] in 12 I It 1

At Valtage Vo 040

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

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

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

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

® |nternal Phase Compensation

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

® Frequency and input bias current are temperature com-
pensated,

HM CIRCUIT SCHEMATIC (1/4}

To Other Circuit

HA17324G

(DG-14)

HA17324P
HA17324

(OP-14)

66 @ HITACHI
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HA17324G, HA17324P, HA17324

H ABSOLUTE MAXIMUM RATING (Ta=25C)

[tem Symbol 1) HAL7324G 27 HAITI4P 2 HA17324 Unit
Supply Voltage Vo, 2 32 a2 v
Sink Current fone 50 50 50 mA
Power Dissipation e 625 625 625 mW
Common Mode Input Voltage View -0.3 to Vo 0.3 o Voo =0.3 10 Voo v
Differential Input Voltage Vg = Ver Ve Ve, v
Operating Temperature T -20 o FT5 -20 10 +75 0te v70 ‘C
Eruge Temperature Toy 60 to +150 55 o +1325 35 1w +125 C
* 1 Value ander Ta270°C, In case of more than it. 7.6mW /' derating shall he dune
21 Value under Ta-30°0. In caxe of mare than at, 8. 3mW A0 dorating shall he done
HMELECTRICAL CHARACTERISTICS (Vrr= +15V, Ta=25C!
Item Symbol Test Condilions min typ max Unit
Input Otfset Voltage Vie Viw =75V, Ry =500, R, =50k — 2 7 mY
Input Offset Current T Lo=1L L1, Vie-1.5V T - 5 50 | A
Input Bias Current 1 Vou=7.3V o ) — 30 500 nA
Power Source Rejection Ratio PSRA | /= 100H7. Ry =1k, R, - 1000 — | e 1B
Voltage Crain Avs Ry=1k0, R, =100k, Ri = 75 90 - JdB
Common Mode Rejection Ratio CMR | R« 5062 R, —5k0 - 8O - B
Common Mode Input Voltage Range Viu Ay =1k0, R, 100kfr, f=100Hz -0.3 — 13.5 vV
Peak-to-peak Output Voltape Ve ¢ S=100H=, Ry=1kQ. R, =100k}, R. =20k - 13.6 — WV
Qutput Source Current Tone ¥o.-=1V, ¥V, =0V 20 40 — mA
Ouiput Sink Current Fom Voo -0V, VL -V 10 20 — mA
Supply Current I V., =GND. R =0 — 0.8 2 mA
Power Dissipation Py R, = o, V. -GND — 12 30 miy
Slew Rate SR J=1.5kHa Viuw =75V, R o - 0.18 - Ve
“Channe] Separation VosVee |7 1kl T e IR
Output Sink Current Fomr : Vaoo=0V. Vo -1V V. - 200mV 15 50 | HA
@ HITACHI 67



HA17324G, HA17324P, HA17324

Output Source Current vs Ambient Temperature
80

Input Bias Current vs Ambient Temperature.

Vee = 1oV 50 Ve = 15V
0 Vou =10¥ 70 = Vey =75V |
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—20 @ 20 40 60 80 - 20 i 20 40 60 %0
Ambient Temperatyre ['C) Ambignt Temperature (°C}
Supply Current vs Supply Voltage. Input Bias Current vs Supply Voltage
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E o L
E 2 T
z 5 .
5 2 O 40 ;
§ 5 T :
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S, ‘
I
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HA17324G, HA17324P, HA17324

Voltage Gain vs Frequency
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HA17902G,HA17902P,
HA17902 @ Quad. Operational Amplifier

HA17902 is Quad. Operational Amplifier that provide high HA17902G
gain and internal phase compensation, and mono power
source operation is possible. They can be widely used to con-
trol equipments.

Industriat Use; HA17902G, HA17902P

Commercial Use; HA17902

B FEATURES

+ Wide range of supply voltage, and mono power source
operation is possible,
« Internal Phase Compensation

® Wide range of common mode voltage, and possible to {DG-14)
operate with an input about 0V.

e Frequency and input bias current are temperature com- HA17902P
pensated, Ralr90z

(DP-14)

B CIRCUIT SCHEMATIC(1/4) BPIN ARRANGEMENT

—
To {Other Cirewin T—4 R
voasi] 2
g : 3 AN
. i !
122}

-]

{Top View)

B ABSOLUTE MAXIMUM RATINGS { Ta=25C ]

g

= =
o h
z

=3

0l Ve
g LA )
e | 7 Vears

ltem Symbol 1 NA179020 i HALT90ZP 2 HA17902 Unit
Supply Voltage Ve 28 28 Z8 V
Sink Curremt T T B 50 | %;amm» 50 m\
Power Dissipation P 625 625 625 miV
Common Mode Input Voltage Ve 0.3 to Ve =-0.3 1o V. 0.3 10 Vo, v
Differential Input Voltage Ve wi VL +V i v
Operating Temperature T 40 o -85 -20 o HT5 0w LI C
Storage Temperature T 60w 150 | 55 o - 125 55 (0 - 125 C

* 1): Value under TaS70°C. In case of more than it 7.6mW /U derating shall be done,
21: Value under TaS50°C. In case of more than i, 8. 3ImW,/ U devating shall be duns
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HMELECTRICAL CHARACTERISTICS (Ve =15V, Ta=25C)

Item Symbol Test Conditions min typ max Unit

input Offser Voliage Vi Vew=T7.8V, R;=500, R,=50kQ2 — 3 8 mV
Input Offset Current i Lo=1L -Ii-l, Viu=T.5V — 5 50 nA
fnput Bias Current It Veu 7.5V - 30 500 nA
Power Source Rejection Hatio PSKR | =100z, Rs -1k, K, 100k0 — 93 — dB
Voltage Gain Avn Ri= 1k, R O100k0, Ry o= 75 90 — dB
Common Mode Hejection Ratio CMR K. 3000, R, =5k - 80 - dB
Commoen Made [nput Voltage HRange Vi Ky -1kQ, R, <100k, f=100H= ~4.3 - 13.5 v
Poak-to-peak Qutput Voltage Vi » F=100H2, R =1k, R; =100k, R - 20k0 — 13.6 — v
Ve Lov=~1mA 13.2 13.6 — v

Output Voltage Vi L= -10mA 12 13.3 — v
Vi Lo =1mA — 0.8 1 vV

. Vi L =10mA — 1.1 1.8 v
Ohutput Source Current Fovares Vau =10V 15 40 — mA
Output Sink Current J A Voo =1V 3 9 — mA
Supply Current fi: V. GND. R, = — 0.8 2 mA
Power Dissipation Py Ry =, V.- GND — 12 30 mW
Slew Rate Sk f=1.3kHz. Viu=7.5V. . = — 0.6 — Vius
Channel Separation Vs Vie | J=1kHz 65 . 4B

B TEST CIRCUIT

1. Input Offset Voltage (V.o), Input Offset SW1 SW 2 Ve
Current (L), Input Bias Current {l) oN ON Vo
— I‘(N\?'\r‘k OFF OFF Vi VCM=% Vee
" ON OFF Vo
! e OFF | ON Vas
/o
AN —
R 10k . Vi
— Vo | =
(3 B 10k Vi 1+R/Rs V)
[ AMA—T—'W\N — v v
— ag Vil
| sw‘Je , RN TP ea 7 R
Vou | Voa—Vau |,
i e T v r A
1 ¥ =y RUFR/Ry N
2. Common Mode Input Rejection Ratic (CMR) 3. Supply Current {lc)
. _ jﬁv'R_{ ( .
CME =20 1log Vi R, (4B v
- K ot
‘f -
Vs
N
|
i kd
[
-
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4. Voltage Gain {Aw), Slew Rate (S.R), Common 5. Output Source Current (l.....)
Mode Input Voltage Range (V.u.), Peak-to-peak . ,
Output Voltage Range (V.. .} Lowree = Vou =10V

Ry
100k
% was [ ] B |
Voo
f’;“* sfk I
H
Vaut
Ve sw1 J;
Ry
20k
!
L4 »r
8. Output Sink Current (luw)
1} Avo: Rs=1kQ, R, —100kQ, R.=vo, Liwe © Vor =1V
Vi=Ve =14 Ver
Vo
Ayo=20log 7= +40 (dB)
N
(2) SR:f=1.5kHz, R;=o0,
Vwi=V.= % Vee

SR= % (V/us)

T

13) Vew ! Ss=1k}, R;=100kND, f=100Hz,
Vi=Y¥ Ve, R, =20, value of V: just befare
the waveform changes. Vew.vr, Vew.o o

14) V., p. Rs=1kQ, R,=100k2, R.=20kQ,
S=100Hz, V., o= Vou+— Vo, [Vep)

OUTPUT SOURCE CURRENT VS. INPUT BIAS CURRENT V5.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
9 . ) |
¥oo =15% .
Vo=10¥ .
A 8 i
% _ Co I
E s ERRT ; 1
M £ : i ! |
E o = s - | : I S
E £ : I -
K B s | Do
® 40— - i 1 R e
5 M _ X I
B . o 2 3 -
g SR o] : Lo
! : |
10 19 t I
| :
-55 -3 —I% 25 45 65 85 105 125 -55 =3 ~15 5 &5 45 63 Bs 05 125
Ambient Temperature Ta ('C) Ambient Temperature Ta ('C)
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nAt

Voltage Gam Avp idB

Ihnput Bigs Currert &

INPUT BIAS CURRENT VS.
SUPPLY VOLTAGE

1 e -
{ ' <‘> W
— _
SIS SO SR
|
S
: . i
‘ i
B - 1
i ;
;
| | I
1t i 201 kL
Supply Voltage Yoo (Vi
VOLTAGE GAIN V5. FREQUENCY
R ‘
V1]
Ta—25C |
14} : e
] I Ry i + . | -
: |
0}— i T
[ A
) . " *
.
i j i
60 ! b . il
an ) |
1
i
T — - _1»_‘.
!
Lo
0 10 [ — 3 Tk 0

Frequency f [Hzl

VOLTAGE GAIN VS. SUPPLY VOLTAGE

180 ‘
,‘ Ta=25C
i |
120} ! - _’ -
é i |
S IS Sy I NS SR
: | ;
= g —
b !
R N DU R R B
i \
- |
ok B |
4 L
SR N A IR S S
| 1
| \ ‘
i3 1 2 30

Supply Voltage Vee (V)

Commen Mede Rejection Ratio CMR (4R

PEAK-T P©PEAK QUTPUT VOLTAGE
VS. FREQUENCY
BT r I
RNE F i [
&3 i . 1
T e i
: BIRN
T el i |
E I I
2 L [
g
o0 il
7 i
Frequency f [Hz)
COMMON MODE REJECTION RATIQ
VS. FREQUENCY
[ e e I i-”‘l‘! ! T l I I\ T | iv“:]‘w' J!
|, |\||--' il : | Ta=25C ;
Lt Ll = | 1]
e = T [
P ek Fipth v r
ST Sl i '
T T T
il T ‘
ol TN
T ! i
| il
L] S Bt o
I ! , ‘ 5
|
|
20,,;| il
i |
Yoo
ol L] !
100

SUPPLY CURRENT VS:. SUPPLY VOLTAGE

Supply Current fcc {mA)

& HITACHI

Frequeney J (Hz)

El T

Ta=25C

Vin=GND

Supply Voltage Voo (V)
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HHA17902 APPLICATION -

HA17902 is & Quad. Operational Amplifier, and it's consist-
ed of four operational amplfifiers which operate independent-
ly, and a bias circuit. 1t can be widely used with the features
such as wide range of operating temperature, mono power
source operation, internal compensation, wide 0-cross band-
width, small input bias current, large open loop voltage gain,
etc. HA17902 applications will be explained below,

1. Non-inverted Ampiifier

Fig.1 shows a non-inverted amplifier.

Voltage gain of the circuitis; |/, R:

Fig.t HNon-inverted Amplifier

2. Adding & Subtracting Amplifier

In Fig.2, input +V1 and +Vv2 are applied to non-inversion
circuit and input +V3 and +V4 are to inversion circuit,

The outputis; V.=V +V.—V;—V,

i
E00k
R —

Vit 40
100k |
1
Pt prep, va—] 1 Mk
i

R
100k

X
100k
L

Fig.2 Adding & Subtracting Amplifier

74

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

The output is;

m=(1+%) (Ve Vi)
R

R
C—A - e
R‘ 106k | [ imka T
) 13 ;
100kQ - ! .
100k v
-

e .

Fig.3 High Input Impedance DC
Differential Amplifier

Vi ——— 1

= Vic

4. Voltage Control Generator

In Fig.4, Amp A, , A, and TRS Q, operate as an integrator, a
comparatar 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, becaomes smalles than the
non-invertad input of comparator A, (V./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.

[a R Y

ok
Py

e

Fig.4 Voltage Control Oscillator
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@ Voltage Comparator

HA1807, Dual Comparator, and HA1813P§, Single Compara-
tor, can be widely applied to control equipments, since they
operate with a single power source,

B FEATURES

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

M PIN ARRANGEMENT
HA1807
NI

o [1]

v E 13 [ Vims
Comp E 12 [ Vem
we [4 1] com
Vot E E] NC
Vi~ E I]v,.(—n
CND E EV"IHZ

{Top View!

HA1813F5
Vee E | Vout
NC E 3 Comp
N E 3 [
GND E j Vel n

[Top View!

ECIRCUIT SCHEMATIC

t
%R; ka s |

15k J15k Reghe |
5.5k 5.5k

Ja, @ L LG o
fs
Rs ‘
13.8k .
5k -—@n

éj'%fd; Yo ! :

Camp

(Vowr s Unly for HALRUZ

e

o — 0 I b ‘
Ranaimin

10k L
Rz
%Wk

J | ] ";{[ o Vet
___{Q,,,%{‘(;; e ﬁkn
: I
e SR Ris .f"” Rer 0 3R
'\w 154l A0k t,“" %zuu b s T a0
. R o Veu

col N

R ¥l
10k IR

S
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HA1807, HA181

B ABSOLUTE MAXIMUM RATINGS (Ta—25C 1

3PS

Item [ Svmbal HAL807 HAL813P5 Unit
Supply Voltape | 18 18 vV
Power Dissipatn o e 500 500 mi¥
Common Mode fnput Voltage Vi . v
Bifferential Input Voltage 10 119 vV
Operating Temperature -0 to +80 -20 o +75 C
Storage Temperature 65 to * 150 55 to 1125 ‘C
Nowes %k HALROT D Value at Teo 7000 In cuse of mare than it 76mW/C dorating shatl he porformed
HALBLI3PS © Value at T 500, 1o cuse of more than n, 83mW /% derating shafl be performed
* & Value at Vo 10V, In oease of Voo 10¥, VL 3
WELECTRICAL CHARACTERISTICS [ Ta =250
T
lten 5\'miml_! Test Condition min tvp masx | Unit
T
tnput Offset Voltage Vo ] Voo =6V, Vi 3V, K - 5081 - 1 5 [ my
L ] Y - |
tnput Offser Current i Voo -BY, Wiy 15V - 150 i ni
B |
Voltage Gam As 75 100 - dB
Input B3ias Current b — 0.5 3 A
— T
3.5 6.4 -y
Commen Maode Input Voltage 6.5V, J 101y O S SN S
fow = 2mA
Output Voltage 5.5V
Lo = 10mA
Power Dissipation 6.5V, ¥ KAV =2V, # —- 36 48.8 mi¥
POWER DISSIPATION VS, COMMON MODE INPUT VOLTAGE
SUPRPLY VOLTAGE V8. SUPPLY VOLTAGE
- , E
I ENE |
_1 ‘ ) : | f=10H: | N ol
[ h e (T ‘I— Test Crrsut | !
T T T N [ | | 16 |
- vogom T T T~ -3¢ ‘ ' ]
B 1T 1 T T Pra | I~ i + H
= T . " # Tar 0T !
P H e i ¢
o AR ;‘ ] ]
HEnsayJann R |
= i e 3 H
. L !
Wi i | Yey _ !
£ | i ; i 1
40 [ a ] y
I .
PSRN REEN - |
: Ve | Ta= - 0C 26 80C !
e _t ; o I ) S — | |
s 7 4 1 14 H 5 7 3 n 13 15
Suaply Veltuge 4 0V Supply Vubtage Ve (V)
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INPUT OFFSET VOLTAGE V5. SIGNAL
SOURCE RESISTANCE

I
Veo=8¢ | | 1]
1WH eV eu = 3% 3
s Test Circun 2
- ;
S o8
5
&
3
2 g !
S
S 4
H !
’f
H
i ’—/
]
50160 206 S0 1k ¢k Sk Gk 20k 50k 100K

Srgnal Swuere Hesvstance Re il

INPUT OFFSET CURRENT V5. AMBIENT
TEMPERATURE

LL ! l
~LE 5
Y i
Bty sy }
|
E J
—D 40 i
= |
) t
g -0 i
L |
T W ~ [ %
Ambicny Temperature Ta ['C!
CUTPUT VOLTAGE ¥S. OUTPUT
CURRENT
l2peT LW%%
» T L I
3 _—.h-_""‘--:_
C B ""'---..,__M__
L ~L )
;" ] . I i T
—_3 2 3 Hh"""\ \ 3
2, WAVA!
: 1 \\ \

1] -1 -2 -3 k| -5

Dutput Current fom (mAl

INPUT OFFSET VOLTAGE VS.
AMBIENT TEMPERATURE

24 r
|
Ve =6¥
2.0 —You =3V
N lgg =508
z —"Test Circuit 2
L
: i
%
ER
=
~ |
i —
= I P,
= o8
5
E
04 jt
I
; |
-n [ Y 50 %

Input Bias Current [1 (a3

@ HITACHI

ambient Temperature Tu £900

INPUT BIAS CURRENT VS, AMBIENT
TEMPERATURE

12 —TT 1 I e
Vep=6av i Lo
AR N I i

Lo ¥y Testi=55V _$—‘Jf_1.,. —
| N VO T i T
, . 1 T

o8 : —
| | Ll ! i
| i . I

:\6\[L\‘“‘*--. ' i

i || 1 Jr
]

0.2 ! h_—-"‘_'l
b g L [ —

i
S N S P S ‘ M

l .

s HE
-0 o n Bl "

Ambient Temperatare Tn (°C)

QUTPUT VOLTAGE V5. AMBIENT
TEMPERATURE

|

T Ve =120
Y O S - il o
1 T y
W . Ym.
| |o_u
= : \ o
g} S — ]
t
= I
= . ey gl
H i H
%oy ! ! 7"-—~—-1
£ i i T
s L bk Lo
H i i
- i -~
& ! ! : i
! ettt
i | fop=—imA
i _
L
- 30 0 Y &0 %0

Ambient Temperature Ta 0°C)
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DUTPUT VOLTAGE VS. QUTPUT CURRENT CUTPUT VOLTAGE VS. INPUT VOLTAGE
1 T 10 T T
) Ve - 6v
Ve oo [T :i”;;:v .
H - B R, 3kl !
= S N | [ N i L4 b 4 L
it ' - h I
; 0.6 i -——quMk . .: 5 I
; ; N B i
T i |
= 04 + | ; 4Fa=80C ——| Lo —
= 25'C a
. /‘j/-,m.(.__ E [ f IR
L~ |
.z 2
=] ] 1 )
o’ ]
b 4 ¥ iz i6 2 0 04 08 12 L& 10

tugut Cureens fon (mAs Input Voitage ¥ (mV]

VOLTAGE GAIN VS. AMBIENT
VOLTAGE GAIN ¥S, SUPPLY YOLTAGE

TEMPERATURE
14 120 T T -
7= lv!Hr —[ Ve r]:5-5" | ! i ]
Tose v | S lbHe | : ‘ i
I H Tes \.(lrtun k{ |
oo — e~ |1u—~T—1~ T +— 1|k 1»; —
l = |
= L E | |
| | ; P f i
100 : o o0 — . " H
/" T
I L T
= ; ; ! E l | } wl
- 40 A R l + - lt — Uy f— -1 | +-- T---J—— —1 f
! P I S
| | o]
w L ! ¢ ! I # L i
Y n 13 1l Ul 30 (2] kNl
Supply Viliage Yo 0 Ambivnn Tempersture G (0

PROPAGATION DELAY TIME VS.
PHASE COMPENSATION CAPACITANCE

st

Propagarim Delay Time t

B ('p.—h
= s 5[ Ttni] Voo .
b i tone| ws ge
it e AR
T b iy — A PLA| S T | owd |o
Lo b L e I T
netl e [FEE [FRAIN [EE noy ol 0ny "

Phase Compensation Capacitance (v (xF!
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ETEST CIRCUIT

1. 2.

— iy
ki ' ¥ l + ¥
N rcl’ "] 330w L

py >
1% = 1.000p scilloscnpe
Offset 1k 2k | 2k
Ay =
@
3 b
H 100k fon
= ; row
P
7ol
0t *prak esitage  [C0my Uit
fure = A0 R
Ks S Hg: 0 Ve ~Yoe:s
Vo= vy
3 4
R ! - N
i Ay g Vet
“% I 71
meg : Lo o Oscilloscops
|inthyp
+ e .
T Col Far Phase fumpensationt

to Oscilloscope

e Uit e
@ L8] 1‘ Datput 1 ! a1V
eoF [ v 4 -2
PO duty =50% ! Vi 2 +2
7= 10H:z

RESPONSE WAVEFORM

~2v :

input
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WM HA1807 APPLICATION I__

HA1807 gperates with dual comparator and a power source. = & v
The operating supply voltage range is wide, 5 to BV, and the Ry -
output is a complementary ocutput with two stages of gate b e h

cannected in cascade. Ay

1. Waveform Conversion Circuit
Fig. t shows a waveform conversion circuit. The input £
voitage range is maximum at Hs = R1 and Vs = Vcc, and the
output is inverted at the time when the input is zera-crossed.

V.
LT N

Fig.? Wave form Converter

Fig. 2 shows Input and QOutput Waveforms at Vs = Veo =
6.0V and Rt = Rs = 100kn.

oy £ 10k

ImeflY, s ANV

Vo Ve -6 ol
F=1kHe R R anER

Jnn Fig.2 Operation Waveform of
Waveform Converter

GZms ATV

2. Schmitt Trigger Circuit

Schmitt Trigger Circuit is a ¢ircuit with hysteresis on the Er

input and output characteristics by applying a positive feed- [ < Vou
back. Fig.3 show a Schmitt Trigger Circuit.

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

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

10 T 0
Vee =6.0¥
Vi =30¥
_ Voo =840V
8 Ri =5kQ gl Yr=3sV

08, <1110 Ra =500

.
Frey A |

6f- - R +

| :
L]
0 q & 10

s V)

H . -

4 [ 8 14
¥s (V)

. . Fig.4(b) Operation Waveform of
Fig.4(a) Operation Waveform of Schmitt Trigger Circuit
Schmitt Trigger Circuit (Vor —¥s)
(Vour = W)

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

shows an example of the operation, }

D 6 sk — ]
. = s + 4=
- = 1. i
Riz
H — 2k E—
Yoo e v |
o 9 i
[ 7 1 [ 7 4 %
LA Vi LV
; R
7
’ 10kd) o Vou Fig.6 Operation Waveform of Window Type
Comparator
Fig.5 Window Type Comparator
4. Bistabte Circuit
Fig. 7 shows a Bistable Circuit (R-S Flip-Flop Circuit}, and
Fig. 8 shows an example of the operation.
n
R
§ ﬂ- 4 Vo
Rs
+
¥s
Ry R
& -
> =
Dl 1152075 Yeanis | $¥/di ‘:{"":‘ﬁ'}'\",\'
Fig.7 Bistable Circuit g, F3 10K
Xeamis | msfdiv ol

Fig.8 Operation Waveform of
Bistable Circuit
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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
uy -4y

fa

=
_:‘ —:I> !

Thid

JRRY Vg -50w .
Vg = - LAY ! A
§ Ve - GNLE FAOY
Fig.9 3Split & 28it A/D Converter Fig.10 aSplit & 2Bit A/D Converter
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HA1812 is general purpose C, including comparator, buffer
amplifier, reference voltage and is designed to be used widely

as unit cell of circuit investigation and systern designing.

B FEATURES

@® Large sink current of 200mA max.

® Capable of becoming Schmitt Trigger (Hysteresis charact-

eristic) Circuit without external resistance.
@ Inctudes reference voltage source.

B CIRCUIT SCHEMATIC

Feed hack {;} .

Vel mqpe e
QF 1- |<,_,z T :Ler

. }(Li !
LA

o

GNIY

S c e -

EHAISIEGS

L DG-BY

HA1812P5

R

‘DYP-8.

84 @ HITACHI

BPIN ARRANGEMENT
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& | rel2
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TTop View
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S ABSOLUTE MAXIMUM RATINGS { Ta—257C"

fem T Svmbel | HAIS12GS HAT812PS [ Uit
Supply Voltage 20 E v
Ouiput Sink Coarrent 200 ] mA
Comman Mode Inpat Voltage Vi i v
Differential lnput Voltage il V
Keference 1 Source Current 2.0 mA
Output Transistor Vollage Viu I 40 ! 40 I V
[ — e e e | ,,,
:dbiack Terminal Current few rz.0 ' 2.0 mA
Power Ilissipatian P ‘ 800 ‘ 800 mwW
Operating Temperature T [ -2 75 | =20 to 475 e
Sworage Temperature T | 65 to -150 J -535 to 125 C
Note #* Ac V.o 16V, F, ogeomas 16V
® & In HAIBIZGS, o0 is u value under the condition of Tr 850, When Ta an onore than 557, T.6mW70C derating shall be performed.
In TAIBIZES, ot in o vatue undee the condition of Teo 450 When Taows moee than A5C, 8. 30W0 derating shall he performed.
M ELECTRICAL CHARACTERISTICS | Tu=25"C1
Item ] Symhbol g\‘[f"f“_;m'“l"' Test Condition min up max Unit
areuid
Supply Current Lo Vee =20V, Voi-i=00 V0 0 =3V R~ o — 18 27 mA
Output Leakapge Current I Voo V=20V — — 1 wA
“07 Level Output Voltage Vi Vo = - Lﬂﬂ 0.5 v
Tnput Bias Current fow ¥ w=6. 75V — f — 100 nA
Injrut Ofkset Current Lo ‘ Vie=13.53V. V.u =675V — ;0.3 50 nA
Il
Input Gifset Voltage Vi ‘ Voo 133V, Voo 675V - 3 15 my
{ terminal 5.87 F — .88 v
Vi s ‘ A N —_—
| r terminal 2.935 ‘ — 3.44 vV
Reference Voltage T
2 | 1A - - mV
TV - L — L
. 3 =0f8 - 56 — my
Vnitage Gain A ‘ 4 Voo 135V Ro=1k2, /- 10H: 1 80 | 100 1 dB
ETEST CIRCUIT
1. Input Offsetl Voltage V. 2. Reference Voltage Vi 1A
e —T—»ﬁ-—‘o Ve
R:
w1k
¥ o :
oo — ref. Lk {
Input Offset Voltage Vip is 1/1000 of the indication of Measure differance voltage of ref. 1 terminal at the time of
voltmeter V, inverting output with Vini{+}, Vinl=} at 3V or 0V,
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3. Reference Voltage VREfF 1B 4. Voltage Gain A,
In the sarne test circuit asVrep 1A, with output established

at 1 level, changing supply voltage Vec from 8V to 20V, I o
measure difference voltage of ref, 1 terminai.
mnkui $o
WHy
»
SUPPLY CURRENT V5. SUPPLY VOLTAGE OUTPUT VOLTAGE VS, OUTPUT SINK CURRENT
28 T a7
Ry = /
- ! | H”"" v
T N -
M- — '—-%;‘— B - /
L4 E ‘{ ﬁ: A/
Lo +if 05
: L nL—z‘u'c 4 -
ANt = —— ]
z = 10T
£ el N ] ) __I
2 T B -
E T ’ - | e
< Vin{i=ovi | [ |
2 Vint | ,
0
- ’ .l
Lt 41 =3y - 250 LL
1 Vani =i oy | 80C
3 1z 16 20 0 o0
Sapply Vabrage Voo (V0 St Se Cirsenr fe TmAd
#Note The broken line ix the
characteristic at the hme
ol connecting each Input
Terminal to V.. and GXD,
INPUT OFFSET YOLTAGE VS. SUPRPLY VOLTAGE REFERENCE VOLTAGE VS. SUPPLY VOLTAGE
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F 1 7a=00L - e S
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. k) g -
= Zm'c;?"af £
3 = gt o I . R -
s T EENEES <4
ST T T O 3
R i — I i+ -
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£ i i ; 1L w2 P i
- IR =100% ]
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i ) /4
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) 16 19 0 0 1 2 ¥4 16 mn

Supply Voltage Voo V1 Supply Valtage bir iV
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HA1812GS, HA1812PS

REFERENCE VOLTAGE VS. SOURCE CURRENT

1%

T
Voo =13.5%
[~ &, =1000 f
. R I
L f 1
= i
c T 7~ bt luput 07 Level
P b taper 1T Level
Pl I
= i
Y S } { —
L.
1
4 LE] 08 i-2 16 2.0
Sauree Carrett Duueeied 1§ mAS

OUTPUT VOLTAGE VS. DIFFERENTIAL
INPUT VOLTAGE

J |

Ay - 1005

6t — —

Valtegs

Outp

PR R i
I
R

[ 2 4 § 3 10

Differential lopat ¥olrage Vo Tmio

BEBASIC OPERATION DESCRIPTION

The following describes the circuit operation of HA1812,

1. Differential Amplifier and Output Terminal Vout

Q,, Q, and Q,, O, are Differential Amplifier of Darlington
Connection, and signals amplified at this stage are further
applied ta 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 26°C.

Q, and Q, are provides current mirror cannection 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

-
Ry =1k2
=10
Ta=25%C

100

Volage Gawn 4 fafdl

90

3 10 12 14 18 18 0
Supply Vnltage Vee [V}

2. Feedback Terminal
Feedback terminal is connected to the collector 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,; = 1000 £ 30%

R, =4704 + 30%
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HA1812GS, HA1812PS

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.

MEXAMPLES OF APPLICATION CIRCUITS

1. Negative Input Comparator {When fundamental
voitage is set at Vref.2)

ref.2 A

Vout

HAl812

Noted Very is 427V

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

ref.2 e

Vou

HAl8i2

Soted Kooz iz 327V

4, Reference Voltage

Q,,,20,,0Q,,,Q,, are the circuits which produce reterence
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 Heference 1
and Reference 2.

OUTPUT VOLTAGE V5. INPUT VOLTAGE

2 [T . .
RL =12k I
R - Lase T ‘ |
15—t - TR
S q b —
S I R E W S .
F
ol IR
= 1 .
= : ‘
T A 1 - I e
S o
|
P e | _
] [ !
4 L T 3 d 5

Irpur Valiage b 0¥

OUTPUT VOLTAGE VS. INPUT VOLTAGE

: ,,,!,RLL—M‘ _. J,__ }jL I

[T E )

H '
whe i : e i .
|
1

-

I

Ouzpir Voltage Lo

0 i 2 3 4 5
Vi

Input Vaitsge b
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HA1812GS, HA1812PS

3. Comparator when Vref.1 is divided by resistance OUTPUT VOLTAGE VS. INPUT VOLTAGE
at R, R: and set at Reference Voltage.

. -
Se, - !
A HALBLZ ; .
Poda by = =) ot
Govedian L e Faund be e Bl o g et IR =
LU P __'_ -t .
[
2 3 4 ]
leput ¥ultage ¥e (0!
4, Comparator established reterence voltage by OUTPUT VOLTAGE VS. INPUT VOLTAGE

ref.2 and R..

20 T
g i t ! i r [
Vi =13.5Y T
16 RL =12kl t
ERE:
[ |
HA 812 s —— i '
z 2 <
E R | I = TSRS S
e Ven e Tound by the Sl eqeatio, - af ]
4
s el R ki
L] 1 z 1 L} 4
fpsl Yoltage B 1V
5. Schmitt Trigger Circuit 1. OQUTRUT VOLTAGE VS. INPUT VOLTAGE {1)
Z0 T T
| von =13y :
Romake | 1
16 —R, =0t { i
| i !
'f ' J 1
H 7
‘& Y N Lo
. z JEEDU 1 S I T U
z | 1
HA 1812 DT
Nt Threnhedd vaitane b aze Tl by o - i |
T Hiwsng equi ot
Ve b 320 4 J
Vin Tre E_]ﬁ G . T :
Vi ol K ki
] B i 5 3 10

Iiput Vnhage Ve DVS
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HA1812GS, HA1812PS

OUTPUT VOLTAGE VS. INPUT VOLTAGE (2)

20
[T ] | |
b oo =iasv } |
TRy =12k ‘
16 [ 4Ry =5k ! ‘
= L.L : ]
T i B
¥ 4_ ) : !
= I e —ri—— e i
= [ v ! ‘
T
I~ : ' i
I R e m
. ,,,,‘;4__, 3 I !
i fI Pyl
I A T g
T J ft o+
i i I L
[ 2 1 L} & v
Input ¥ulage ¥ 0¥
6. Schmitt Trigger Circuit.2. OUTPUT VOLTAGE V5. INPUT VOLTAGE
BT LA
v 13.5\5‘ ‘ R =8kR R=20kD Ky =t
- I
1o |
- | I 1
X1 — - L;L— - f- —
L ]
= T T T
= : - |
Vin 5 & t ey
= i
R < ! A e f
HAIB12 . B 1
r -
Note! Threshald valtage VriVra ave foend by the o - S S
£l lowing ;q_u;mn. ’ i i |
W= TrerEr |V ¢ ! : i ! g
. 6.53 N toput Voltage % (V)
T SRR T

a=Ref{5T0+ Ryl
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HA17903GS,HA17903PS,
UA1 73@3 @ Dual Comparators

HA17902 and HA17393 are comparators designed for car use HA179030GS
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 voitage.

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

Industrial: . .. ... .....,.. HA17903GS, HA17903PS
Commercial: . .. ... ... ... .. ..., .. HA17383
(DG- 8
HA1790315

B FEATURES HA17393
® Wide Supply Valtage . . . . .. .......... 2 to0 36V
® Very LowSupply Current . . _ ., .. .. ... .. G.8mA
® SmallinputBias . .. ... .............. 25nA
® Small input Offset Current , . . . . .. ... .. ... 3nA
® Small Input Offset Voltage . . . . ... ....... 2mV
® Common Mode input Voltage Range Including Ground.
® Small Qutput Saturation Volage . . . . . . . . ImVI{EuA)

FomV{TmA)
® Qutput Voltage is Gompatible with CMOS Logic System. DP— 8

MPIN ARRANGEMENT

Ouipgut 1 [j

Input 1

(2]
luput 1° E
[

Ve
GND
r:
Qe
. Qs

S CIRCUIT SCHEMATIC(1/2)

@&
-J* i

[« S— I

® HITACHI

k*L 7| Qutput 2
= 6 | input 2
s ‘;

B | vee

L 5 | loput 2
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HA17903GS, HA17903PS, HA17393

HABSCLUTE MAXIMUM RATINGS { Ta=25C)

ltem Symbol 1" HA17903GS 2 HAL7903FP5 20 HA17393 Linit Note
Supply Voltage Veer 16 36 36 vV
Differential lnput Voltage Vieiape: [ Vi Vi Vi v
Input Yoltage Ve —0.3 to +36 -0.3 104136 0.3 te 36 ¥
Power Dissipation E Py 570 570 570 miv 1
Chatput Short-circuit Current { fos Continuation possible | Continuation possible | Continuation possible 2
Operating Temperature ‘ T..- -40 w -85 —20 te T75 ¢to +70 c
Storage Temperature [ To =60 to +150 - 55 to +125 - 55 to +125 °C
Note! 1. 11: Value at Ta 2750, In case of more than it. 7.6mW,C derating shall be perfurmed.
21 Value ar Ta 2952, Tn case of more than o, 8.3mW/C derating shall be performed.
2. Short-eircuit between the output and ¥eo will be a cause to destruy the circuit.
The maximum outpsl curreat is about 20mA for any supply veltage.
BELECTRICAL CHARACTERISTICS-1 {Voc =5V, Ta=25C)
litem Symbof Test Condition min | max Unit E Note
—
[nput Offset Vollage Vig - 2.0 5.0 mV L 1
{nput Bias Current ha Iixeer or i o — 25 250 nA { 2
t
Input (ffset Current fro [ fwe-r — e | — 3 \ 50 na “
T
) Vey - 3.5 - [ — v L
Common Mode Input Voltage | e l 3
Vew — — | 0 Vo
Supply Current Iei All Comparators: K~ All Channels ON — 0.8 I 2.0 ma
e 1 e —— _ﬂ.__,._.l_..__ S
Voltage {rain Avn P Ve =15V, R, 215k — 00, — V/mV
Response Time ty ] Vi, =3V, RL—=5.1k(3 - 1.3 | s 4
Large Signal Response Time i) Viy = TTI. Threshold Width, Viir 1.4V L — 300 - oS
Output Sink Current R Vise » 21V, Vigoo: =0, Va5V i 6 16 — md
f } : -
Qutput Saturation Voltage Vicwo | Vive- 2LV, Fiavo.=0, Lao—=4mA LT — 400 mYy
Output Leak Current Ule [V =0, Viee =1V, Vo=5v [ — 1 A
Noted 1 Verr 1.4V and Ko 300, when V- 1oAY at oulpmr switching peint
2. Under i.inear Uperation.
3. Common mode saput voltage or each one of the mput symal shoukd ot be less than - 0.3V,
4. This is a value to 100mY input Step Voltage with 3mb aver drive

MELECTRICAL CHARACTERISTICS-2

+75°C, HA17393; Ta=0 to +70°C)

(Vee =5V, HALT903GS; Ta—= —40 to +85C, HALTO03PS: Ta=—20 to

ltem Symbol Test Condition min L typ max ‘ Unit | Note
Input Offser Voltage Vig — ! 9 15 L:n\-' 1
Input Offset Current H) ey —hwe o} 30 200 nA
Input Bias Current Iis Qutput Linear Range — 200 | 500 nA -
Vew- Voo -20 .
Common Mode [nput Voltage
Veu | - — 0 v
Output Saturation Veltage Votan Vieo =1V, Vivoo =0, L =4mA 7 L - 400 700 my -
Output Leak Current iy Viwy =0, Vinoo 2LV, V=30V . — 1.0 A
Differential Input Voltage [ Viavag + ALl lnputs 0V ! — — L v

Note! Y. Viie — 1.4V and H. o500, when Voo 14

92

VoAt the vurput switching point.
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HA17903GS, HA17903PS, HA17393

SUPPLY CURRENT VS,
AMBIENT TEMPERATURE

L T T TP

OUTPUT SINK CURRENT VS.
QUTPUT VOLTAGE

B e o v T
s0 N 1 .
B L X" o i
v AL
n T T P e

g

. It n i w

Swtpat Valbagge B

VOLTAGE GAIN VS,
AMBIENT TEMPERATURE

10 [ I At sy
oy !
| HY i

= wofF— 6V |
- !; 2y {

= : [
= ! i
i 9] v :
7 i g vt I

20 i | ‘

= mé:w NP l l

&, 503 "7 M 4 - -
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Y L. L :

20 0 = 50 5
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"
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QUTPUT SINK CURRENT V5.
AMBIENT TEMPERATURE

2

5 VeeodbV | |
/___do-—— —— ]

15V

/——-‘ n—_—‘—\_.q
Y i S SN

" ]

50 Voo
R R
T 5 JI‘J.SV
i 50
Lot

-2 o 25 50 75

Sibivar Temoerawze T 2700

QUTPUT SATURATICN VOLTAGE VS.
AMBIENT TEMPERATURE
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¥
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1
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INPUT OQFFSET VOLTAGE VS.
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HA17903GS, HA17903PS, HA17393

Input Bias Current g (nAl

94

INPUT BIAS CURRENT VS.
AMBIENT TEMPERATURE

Ambient Temperature To ("0

G HITACHS

Response Time Ju (s}

RESPONSE TIME VS.

AMBIENT TEMPERATURE
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HA17901G,HA17901P,
HA17339 eouauie comparators

HA17901 and HA17339 are comparators designed for car use

and control systerm use.

They provide wide operating voltage with single power

source, and the supply current is small because it is inde-

pendent of the supply voftage.

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

voltage logic gate, etc.

Industriak: ... L L L L L. HA17301G, HA17901P
Commercial: . . ... .. . ..., .. ....... HA17339
H FEATURES
® Wide Range of Supply Voltage . . . . ... ... 2 to 36V
® very Small Supply Current . . . .. .. ...... 0.8mA
® Small input Bias Current . . . . ... ... ..... 25nA,
® Small Input Offset Current . .. . .. . .. ... ... 3nA
® Small Input Offset Veltage , . .. .. ........ 2mv
® Comman Mode Input Voitage Range Including Ground
® Differential Input Voltage Range Equai to Supply Voltage.
® Small Output Saturation Voltage . , . . . . . . TmV[BuA}
70mv(1mA}
® The output voltage is compatible with that of CMOS
Legic System
M CIRCUIT SCHEMATIC(1/4) e

HAL7901G

(DG-14)

HA17901P
HA17339

(OP-14}

B PIN ARRANGEMENT
S

Mitpur 2} | - 14 { Outpur 3

Ourpue 1| 2 — 13 | tutpur 4
a) ver |3 cp
[npur ©- 1 Input 1] 4 J 11 | [nput 4°
: ‘ F‘K w3 il et gt 1 E“‘ j wpat 4
ofm#fw' - , s (7] ] ] -
; J, leut E: |: loput #
Clop View)
HABSOLUTE MAXIMUM RATINGS ( Ta—=25C)
item Symbel ] 1. HA179010 2: HA17901P 2: HA17339 Unit
Supply Voltage Voo ‘ kL] 36 36 v
t
Differential Input Voltage Vie.a, i =¥ £ ¥ee + Ve v
lnput Voltape V. 0.3 to ~36 0.3t +36 0.3 to =36 v
Power Dissipation e 625 625 ! 625 mW
Gutpat € Lt 20 0| 20 m
Operating Temperalure T -40 to 85 -20 to =75 0 to +70 C
Storage Temperature T -B5 ta -t 150 55 o +126 -5 to F125 K
Cutput Voliage ¥, 36 36 36 v
Nete w01 Nalue at P 7000, In case of mere than it 7.6mW: L dervating shalb be performed.
2 o Wale wt T o300, o ease of more than it 8.3mW 7 O derating shall be periormed.
% D oshort-cirrut between the sutpur and Vooowill e a cause toodostrny the creedit,
Thre masmums oolput cwrrest i the peranssiile vulus for continuuur apesation
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HA17901G,HA179C1P, HA17

339

B ELECTRICAL CHARACTERISTICS (Vic=5V, Te=25C)

Item rSymboi } Test Condition min typ ] max i Unit
o ilea Vaer = 1.4V & Rs—00 when V, =14V at the i ' .
Input Offset Voltage Via !output switching point 2 7 ! mV
T
Input Bias Current (Note 1} e |1m,: or hve. s 25 250 | oA
Input Offset Current ; — 5 50 I nA
Common Maode Input Voltage!Note 2} ] — ] Vee —1.5 i v
Supply Current — 0.8 2 mA
Voltage Gain - 200 =L V/mV
Response Time{Note 3! o Re=5.1k02 — 1.3 — T 75
Output Sink Current Vim0, Va2 1.5V 8 16 - [ mA
D T
Output Saturation Voltage Viurr Viw, oo LV, Vi 20, Lo =3mA — 200 400 [ mV
Output Leak Current I Vivoo IV, Vg =0, V=5V 0.1 - \ nA
Note! 1. The nput bias current s constant, because there is a reflerenve Lme or anput line wihtout wny change of load.
2. Commen mode input voltage or either of the input signal voltages should not be less than —( 3V,
3. This is a value 1o 100mY input step veltage with Sm overdrive.
B TEST CiRCUIT
1. knput foset Voltage {Vig), Input O#fser Current {l|p) SW 1 ‘{ SW 2 . Vo
Input Bias Current (g}
oN | ox Vi
|
R 5k OFF | OFF Vaz Ver=1/2 Vie
T | ON OrF Vi Vee=1,4V
_ OFF ON Vi
SWL
»—o/t}—
RS q |
i $ [Voul
R 20k .
o 1) Vie = (v)
R St & 20k | 1+ LI
A + v v K
0 TE -
N | Vo Vy
5k SWe l@ 120 o= [ Vo }é‘_‘ | [AJ
_ k(11 &
! R
I ’
1V Vi .
lhq i3 T = [RAZE R AL [A]
2 R{1+ B)
Rs
2. Output Saturation Voltage (Vg sat), Output Sink Current
{Isink}, Cammon Mode Input Voltage (Vo)
b e em Vo Ve [V, [SWI[SW2 ] SW3 | Uaut
R A I IEREEE
S0 s R A v e S
o T N s Lo | v [yl 1 |1 2 mA
SW1 - - J " — - e Fird : -
, — . Viu 2V | -1-V | — 2 [1.2WiR 3 \
’— [P ? s -
Vi 3 i oS0
!
S
]’\"ﬂ.
£
96 G HITACH)




HA17901G,HA17801P, HA17339

3. Supply Current {lgc)

! Re =
v
ind
w L4
5. Response Time {tR)
%Lw
.R.‘ Akl
I S
v I@ § a0}
LT P ]
3 ! [ ;
foad i i o
Vi
.]ké_. e e
. ‘% 41_ kA
o - ue

iINPUT BIAS CURRENT VS:
AMBIENT TEMPERATURE

| i Vo= 6y
xm—--—--{———--- . e = fL - 71
! i i !
]| A -—------—---—l—-- ——— e
o :
6 __L___.._:_. N — R s I
i

[isput RBias Carren: It iad:

il

5 a5 ins 125

%,
Al

Ambient Temperature Ta (00

4. Voltage Gain [Ay) (R = 1Bk

PV ot
1
|

wé’ {

ke
Rl
¥

ke - Ay —pe i
ek DU
. - L
10k E Jl L
; T g »

w fad

Vi <V

Vist Viuz

A=20log B’

tR: R =5.1k%,
100mV input with 5mV overdrive
Turn the SW OFF without applying Vn, and adjust the
VR to make V(3 1.4V approximately,
Apply VN, and turn the SW ON.

50%

1x —ay

l ‘ V.

INPUT BIAS CURRENT VS.
SUPPLY VOLTAGE

- -— ——e———
'
I i
Baf— -

ias Current Jiolndl

54

Input

Hl Hi A i 4ib
Supply Valtage 1, 1y
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HA17901G,HA17901P,HA17339

98

Supply Current fec {mA!

Outpur Sink Current fune (mal

Vollage Gain Av [dB}

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

(K T T

a
B
7

Buzpnt Sink Current foa Tmd

SUPPLY CURRENT V5.

SUPPLY VOLTAGE

ug S

Supply Valrge b

iy

an 4

OQUTPUT SINK CURRENT V5.

SUPPLY VOLTAGE

A

o 1 20

Supplv Wolrsge T

Y

VOLTAGE GAIN VS. SUPPLY VOLTAGE
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L i
14p- | b ]
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I L—]
N
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et E S S .i._ 1 I
02 1 [ ’ coL
[ H i | o
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QOUTPUT SINK CURRENT VS.
SUPPLY VOLTAGE
® T T v T |
Lo Vinl =)=V
1 | Vinl +)=0
Co Vout= L5V
H L :
¥ : I T
3 k i
25 ; J\ -
: |
] o
L I
o
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i — | |
| | N
i } i
4 : L \ J
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Ambient Temperaure Tn (CH
VOLTAGE GAIN VS.
AMBIENT TEMPERATURE
130 . ——
T ' Vo) =8¢
Ry =15k
125
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Voltage Regulators
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HA17723G,HA17723 evorase reguiator

HA17723, high accuracy voltage regulator for general
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 . . . . . P HA17723G
Commercial Use .. . . ... ... .. ....... HA17723
M CIRCUIT SCHEMATIC

[FTR—

] H
L3 >
B s 1k
i 4:@ ,LM

6.2V e

Vour

Ds

62V
oy
s COMP
@
CURRENT
b LIMiT
Ri)
1509 CURRENT
SENSE
Vs Vap Vo

HA17723G

{DG-14)

HA17723

{DP-14)

HPIN ARRANGEMENT

o
CURRENT LIMET | 2
CURKENT SENSE | 3

NS

4| W

=]

13| Comp

2

[

by

L LI ]

=

100 O HITACHI
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HA17723G, HA17723

I ABSOLUTE MAXIMUM RATINGS (Ta=25C]

ltem Symbol HAL17723G HA17723 Unit
Supply Voltage Ve 40 40 v
Input/Output Voltage 1iflerential Vg in o 40 40 v
Differentiai Inpur Voltage Ve omiy +5 =5 ¥
Maximum Output Curvent Lo 150 150 mA
Current from Vi Fiwr 15 15 [ mi
Power lissipation® Pr 950" 830"" i mit
Operating Temperature T —20 to+75 0 to +70 C
Storage Temperalure T —65 to +150 —65 to +125 C
* Derating abene 25° will e 7.8my il
* % Derating above 257 will be 8. 3mW
MELECTRICAL CHARACTERISTICS Ta=25C)
Hem Symhal Test Condilions min typ max Unit
V.,—12 to 15V — 0.01 0.1 %
V=12 to 40V — 9.1 0.5 %
Liine Regulation GV e V12 to 15V, — — 0.4 %
Tu~--20 ta —75°C
V.=12 10 15\": _ _ 0.3 %
Ta=0 to +707C
=1 10 50mA — 0.03 0.2 %
f.o=1 to 5mA . _ _ 0.7 o
L.oad Regulation Vo inia Tu= 20 to +75°C
fe=1 to H0mA _ _ 0.6 o
Tu=0 10 +70°C
f=50Hz to Carr=0 — 74 — dB
Ripple Hejection Raws LeHs Conre SiF — 6 — s
Average Temperature Coefficient of GVl 67 Ta=—20 to +75°C . - 0.003 0.618 %/°C
Output Voltage Ta=0 to +70°C - 0.003 0.015 %/C
Reference Voltage Varr V= Voem Vo= 12V, Ver=1 6.80 7.15 7.50 v
Standby Current Isv V.=30V, 1,=0 - — 4.0 mA
Short Cirevit Current Limit Ise Rir=100L V=0 - 65 — mA
*HA1TT23G (hnly
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HA17723G,HA17723

MELECTRICAL CHARACTERISTICS MEASURING CIRCUIT

Vi
Veeo Ve
Vour
Rsc Vo=V = Vo =12V, Vip =0
Vage cL —ob., Voo =5.0V, f:=1mA
s Rsc =0, Ci=100pF, Caze—0
: cs Ri=5k0, Ri=R.R./R, LRyl
Viaces
Ry
Crer R Vieos AAS——
Ve COMP

31
n
£

#

LOAD REGULATION VS. OUTPUT CURRENT-1

0.2
Vim = +5¥
[ V=112V
Rsc=0 /

Lead Regulation & Vsioer (%
\_\
\\

0.1 Va
Z/ "y
/// A -w /‘/
] /‘If all
[ 1
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LINE REGULATI .
STAND-BY CURRENT VS. INPUT VOLTAGE GULATION VS. INPUT/OUTPUT
VOLTAGE DIFFERENTIAL
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OQUTPUT IMPEDANCE VS. FREQUENCY
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MHA17723, 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 Saries

1.1 Low Valtage, 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 @
make the reference voltage which witl 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 voitage.

Thus, the output voltage Vout is;

R

:m ........................... P10

Ve = nVeer, n

Vs
Vasr
Rsc=d
h CL——k
2215
cs
Re L5kD
Val ) Val-)
Crsr [ o
luFI $hige e [Cohp T O 1000F
»

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

1.2 High Voltage, 7 to 37V, Regulator

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

Thus output voltage Vout is:
v, - Yeer R
n Ri+R:

L3
e LA L ) ATk

Ver T l
4 ",
T L ST

-

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

1.3 Negative Voltage Regulator

Fig. 3 shows the construction of a so-called negative voltage
requlator which generates negative output voltage with regard
to the GND. Assuming that the output voltage, —Vgyur
increased in the negative directions. As the voltage across the
R, is larger than that across the R, which provides the
reference wvoitage, 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 —V g, ¢ in this circuit is;

- Ry 1R Ry
y,= (B o
Vo (Ra'+R4 m) Vier

iR+ Rul-IRs'Ry)
Re(Ra+ Ryl —Ra-IR1+ Rl

Ry ek
Rl B Viker--12)

Vii iv‘

Vs

]

L
X, ve] I E T
(*HL!ET 1
s o

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.

I o -

‘ L

, LR

! [ - ‘gf... B
. b

: s iz

voo-ih r—
"
M =1 TNkl

GeHn: b

+ 4

Fig.4 WMethod to Increase Output Current (1)

Fig.5 Method to Increase Qutput Current (2)

2. Fixed Voltage Source in Parallel Control

Fig. 6 shows the circuit of fixed vcltage source in parallel

cantrol.

. i
r |
H:L ) J Co
i FWR. 14’1 !
S
. —
Ry
il =01 Anl
*

Fig.6 Fixed Voltage Source in Parallel Controi

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 gutput voltage and the change in cutput is absorbed by
the changes of conducted period of switches.

v
H Hng
! Re ki @
v.-f-[ ve
Varr  Vow & I
m “l
i LzmHl
#e 512
L — Vo
[
[}
IARSIRE 1021
" R £ R VR TCOME
u_]‘,}-'l Sk 7 kD

r

Fig.7 Positive Voltage Switching Requlator

Fig. B and Fig. 9 show the circuit of negative voltage switch-
ing regulator and its characieristics.

I(fz 1004l

Fig.8 Negative Voltage Switching Regulator

24\\‘|

16 — Ta =25C

Unlgar Voltege 4
=

Inpus Velrage Ve (¥
1a)  I[nput-Output Characteristic

Fig.9 Operating Characteristics of Negative
Voltage Switching Regulator
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15360 T
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Qutput Current Jaar LAl
le) l.oad Regulation
Fig.9 Operating Characteristics of Negative
Valtage Switching Regulator

4. Fixed Voltage Source in Floating Type

Voltage sources in ficating 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,
assurning that the output voltage increased. At the input ter-
minal of the error smplifier, non-inverted input wifl become
low compared with inverted input, and the output current of
the error amplifier decrease. Then, the current from the
terminal V7 in the control circuit decrease. As the results,
the base current of the external resistar Q, will decrease and
collector current will decrease, resulting to control increase-
ment of the output voltage.

¥ie

o
Rs 6.2kQ
vee| |ve  zow
Vaer Veur |—
¥z *—K Q
EZ!IZZGV:D:E .SHS;? 3 o £ Rsc
357k Cst— | 12
- Val 3Vl =) T
R sk E[ MPT.
53,75 230k inF
Viur

Fig.10 Positive Voltage Floating Regulator

The ouiput voltage Vgt in the circuit, Fig. 10 is;

R.+R: _ R
_x.—_
RitR, R

Vour =

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

—— =

ke 10kQ
ST TR
Vau Re
e M ' 0k2 3,
Kz Vel
Rz H1E | |
97.6k2 3 2ka? cL i
—s CSp— )
Ful4] Vi =)
Ris R ) Le }
03 0% Ve Conp T 1080F |
357403 J
Vo

Fig.11 Negative Voltage Floating Regulator

5. Other Applications
Other applications are follows.
6.1 Fixed Voltage Source with Reduction Type Current

Limiter
Q
Fin
Yeo Ve
., Rg: 00 K
Vaer ¥oul VWA Lo
iR
E kit
Ay
215k cL
4R,
‘ cs S 56k2
Vinl +) Vinl ~) ”r

Ry ;
¥ee| COMP
5.0kQ ;C. InF

Fig.12 Fixed Voltage Source with Reduction

Type Current Limiter

&0

50 /,
J
:—5 340 /
L

" //

¥
13
0 1R} 200

Cutput Current few (mAl
Fig.13 Current Control Characteristics of Fixed Voltage
Source with Reduction Type Current Limiter
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5.2 Fixed Voltage Source Turning ON/OFF External

Cantrol
Vi
Voo Ve
ks
Vrer Vour ¥ Ar ot Vour
Note
R,
2150 cy
Rite) Insert when
Cs| Vo2 1V
Vant +1 Vini —
Ry Ver [ Comp A L ®
4,99k 1 y Concral
T r
| e, M . P Signal
217 Inf'
”

Fig.14 Fixed Voltage Source Turning ON/OFF
External Control
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Time faeeund:
Fig.15 Operating Characteristics of Fixed
Voltage Source Turning ON/OFF
External Cantrol
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HA17800P,HA17800 Series

@ 3-terminal Fixed Voltage
Regulators

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

MFEATURES

® Output Current above 1A is available.

® 3 kinds of output voltages, 5, 6, 7, 8, 12, 16, 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 Lirniting Circuit pro-
tects transistors at output driver.

Sl CIRCUIT SCHEMATIC

Lt

i3 utpur

'3

0 21Commen

RABSOLUTE MAXIMUM RATINGS (Ta—=25C)

(T-220A8)

HPIN ARRANGEMENT

PO ¢

]
]
1
1
'
'
1]
T
i
1
L

1. Input

2. Common

3. Output

Max. Power Dissipation Prma (W!

o 20 40

60 40

Ambient Temperawera To 10}

111 With Infinitely Large Heat Sink
121 5'C/W Heat Sink
(3 15°C/W Heat Sink

4 Without Heat Sink

F.=3.0T/W yp
5.0°C/W ' max.

} Including Additienal
Thermal Resisiance

Ttem Symbol [1A17800F, HA17800 Series | Unit
Input Voltage Vit 35 AY
Input Voltage V..** 40 v
Power Dissipation Press 15 W
Operating Ambjent Temperature Topr —20 to +75 T
Ovyerating Junction Temperature T, —20 to +125 ke
Storage Temperature Tate —55 te +125 C

Note) * HAL7805P to HA17818P and HALT805 to HAL7813
* % HALT824P ard HALTBZ4
* % % Follow the deruting curve
108
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ETYPICAL CONNECTING CIRCUIT

&, =60°C/W .
65°C/W max,

Thermal Resistance
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MHA17805P, HA17805 ELECTRICAL CHARACTERISTICS
[ Va=10V, [..=500mA, 0°C= T, 212570, C=0.33uF, C...=0.1 #F; unless otherwise specified,’

HA17800P, HA1 7800 Series

Item Symbel Fest Conditions min Lyp max Unit
T, =250 4.8 5.0 5.2 v
Output Voltage Ve - -
TVE V220V, 5mAZE 21.0A, P 150 4.75 — 8.25 v
R . FASE 1A - 3 100 mV
line Regulation SV, fane T, =25C
gV V= 12V — 1 50 mk
R . SmAL L2 1.54 { — i5 100 mV
load Regulation GVo I, 25C Ll i
250mA* £, # 750mA 5 50 Yy
Luiescent Current iy 4.2 5.0 mA
- - 1.3 mA
Quiescent Current Change Shy
— — 1.5 mA
Output Noise Voliage V. Te=25C, 10Hzt f= 100kHz - 40 — FiaY
Ripple Rejection Ratio Ree. f=120Hz 62 5 78 — 48
Voltage Drop Vorns L -L.0A, T,-25C ~ ] 20] - v
Output Resistance R JS=1kHz — i 17 — mfl
Cutput Short Circuit Current fey T,= 2570 — i 750 - mA
Peak Qutput Current Lo pear T, =250 — 2.2 — A
Temperature Coeflicient of . .
V.47, fow=DbmA, 0C. T, =125 -1.1 — mV /U
Gutput Voltage !
WMHA17806P, HA17806 ELECTRICAL CHARACTERISTICS
(Ve=11V, L. —500mA, 0°C = T, 125°C, €., —0.33uF, C...=0.1# F, unless otherwise specified.’
Item I Symbol Test Conditions min typ max Unit
T,=25C 5.75 6.0 6.25 Ay
Crutput Voltage Vi ” " N N N N " "
BV b 21V SmA T L T 1L0A, e 16N 5.7 — 6.3 i)
. BV W, 25V 5 120 my
l.ine Regulation SVt T.=25C o — .
| RS P KA 1.5 60 mV
[ . . |BmAT Lt 158 - M| 1w | W
l.oad Regulation VOV T,=25% ¢
Ao | 250ma = 1] %0 m
Quiescent Current } Ie T, 257 - 4.3 8.9 mA
) X : 8Vo V.T 25V - - 1.3 mA
Quiescent Curvent Change ‘ gt " e —— —
| Bmas Lo 104 = — 0.5 mA
QOutpul Neise Voltage v, i Ta =25°C,10H:7 f7 100k - 45 - uv
Ripple Rejecuion Ratie Rt i F=120Hx 59 75 -- 413
Voltage Drop Vonnr 1 1LOA,T,~25¢C — 2.0 — v
Output Resistance 19 r mil
Ourput Short Cirewit Current 5350 E — mA
I'eak Output Current 2.2 - A
Temperature Coefficient of . ~ . . .
‘ FV/d1 L SmA, U T, 1250 - 0.8 — [ wvic
Output Voltage |
G HITACHI 109



HA17800P, HA17800 Series

EHA1 7807P,HA17807 ELECTRICAL CHARACTERISTICS
(Via=12.5V, L. =500mA, 0°C=T,=125°C, C.n=0.33xF, Cour=0.14F, unless otherwise specified. )

Item Symbol Test Conditions max typ max Chit
. T,=25C €.72 7.0 | 7.28 v
Qutput Voltage Veu "
VEV,.=22V, bmA= L. =104, Pr=16W 6.65 — | 7.3 v
V=V, =25V - 5.5 140 v
Line Regulation [ A T, = 25'C 4 T
10V = V.2 15V — 1.7 70 mV
SmA=[.,<1.5A — v
E.oad Regulation OVt T,—25¢ DA 8 W il
250mA < [, £ 750mA — 4 70 mV
Quiescent Current Iy T,=25C — 4.3 8.0 mA
9VE V.2 25V —_ - 1.3 mA
Quiescent Current Change 81y -
SmAS L. =1.0A - — 0.5 mA
Ouiput Noise Voltage V. Ta=25C, L0Hz=/=100kHz — 48.5 — Y
Ripple Rejection Ratio Kres f=120Hz 57 73 — dB
Voltage Drop Voror T=1.0A, T,=25C — 2.0 — v
Output Resistance Rout F=1kHz - 17 — m{l
Output Short Cireuit Current Tos T,—25C - 500 — mA
Peak Output Current L oen T,=25C — 2.2 — A
Temperature Coefficient of . . - o
SV /8T, fwi=5mA, 0C=T,£125C — —0.8 — | mV/C
Output Voltage

W HA17808P, HA17808 ELECTRICAL CHARACTERISTICS
(V.a=14V, [..=500mA, 0°C = T,=125C, C..=0.33uF, C,..,=0.14 F, unless otherwise specified.}

Item Symbol Test Conditions min typ max Unit
, T,=25C 7.7 8.0 8.3 V
Output Voltage Viue - - - . " .
10.5VE V223V, ImAS LS 1. 04, Pr=16W 7.6 -— 8.4 V
. 10,5V, <25V — 6.0 160 mV
Line Regulation SV, e T.=25C - -
V= V=17V - 2.0 30 mV
. SmAZ [, =1.5A — 12 160 mV
Load Regulation SV, ons T,=25C
250mA = £, S 750mA - 4.0 a0 mV
Quiescent Current iy T,—25C — 4.3 8.0 mA
Qui L C ¢ Ch I 1, 0VE V., =25V — — 1.0 mA
ange
leseent Current Thang ¢ EmAZ L. 1.0A - ~ 1 o5 mA
Output Noise Voitage V. Ta=25C, 10Hz<f=100kHz — 52 — Y
Ripple Rejection Ratio Reer JF=120Hz 56 72 — dB
Voltage Drop Voror fw=1.0A, T,=25°C — 2.0 — v
Output Resistance Rear f=1kHz — 16 — ml
Output Short Circuit Current fas T,=25C — 450 - mA
Peak Qutput Current fo peat T,=25C - 2.2 — A
Temperature Coefficient of : . o
SV /8T, fe=5mA, 0C=T,=125C - - 0.8 — | mV/C
Gutput Voltage
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HA17800P,HA17800 Series

HMHA17812P,HA17812 ELECTRICAL CHARACTERISTICS
V=19V, [, =500mA, 0’'C= T,2125C, C..=0.334F, C..u=0.1# F; unless otherwise specified. !

Item Symbol Test Conditions min typ max Unit
T,=25C 11. 12.0 . v
Ourput Voltage Viur - - - 5 2 12.5
14,5VE V52TV, 5mA G Lo 1. 0A, Pre15W 11.5 — | 12.6 ¥V
. ) . 14.5V= V.2 30V -— 10 240 mY
Line Regulation GV, e T,=25C —
1gVe V. =22V — 3.0 120 mY
SmA = ot — V
Load Regulation SV, b T, »25C = 121 20 =
250mAE 1o % T50mA - 4.0 120 mV
Quiescent Current fa T,=25(C — 4.3 8.0 mA
. 14,5V ¥, = 30V - - 1.0 mA
Quieseent Current Change &1y r - -
SmA %1 DA — - 0.5 mA
Output Noise Voltage A Te=25'C, 10Hz= f =100kHz — 75 — Y
Ripple Rejection Ratic Rues J=120Hz 55 7l — dB
Voltage Drop Vikor I.=1.0A. T,=26C — 2.0 — v
Output Resistance R S=1kHz — 18 - mf)
Output Short Circuit Current Tos T, =25 - 350 —- mA
Peak Output Current Lo pes T.-25°C -— 2.2 — A
Temperature Coefficient of . .. .
. 6 Vu/ET, fw=8mA, 0CE£T,2125C — | —1.0 — | mV/C
Qutpul Voliage
MHA17815P, HA17815 ELECTRICAL CHARACTERISTICS
(V.=23V [...=500mA, 0°C=T,=2125C, C;,=0.33u2 ¥, C...=0.1u4F; unless otherwise specified. !
Item Symbol Test Conditions min typ max Unit
T,=25C 14.4 15.0 15.6 v
Qutput Voltage Vi - P N "
17.5V= V230V, 5mAZ L. 2 1.0A, PrE15W 14.25 — | 15.75 v
. . 17.5VE V.30V — 11 300 mV
Line Kegulation IV, tne T, =25C — -
20V =V, 26V — 3 150 mV
. BmAZ [, 1.5A — 12 300 mY
l.oad Regulation SV e T, =25C
250mA = . % 750mA — 4 15¢ mY
Quiescent Current Iy T,=257 — 4.4 8.0 mA
X 17.5% ¥.7 30V - — 1.0 mA
Quiescent Current Change 4y -
SmA 2 1.0A — — 0.5 mA
Output Noise Voltage V. Ta=25C, 10Hz< f<100kHz 90 — HV
Ripple Hejection Ratia Rery J=120Hz 54 70 — dB
YVoltage Drop Vikier L= 1.0A, T,=25C - 2.0 - v
Output Kesistance R f= lkHz — 19 — m{}
Output Short Civeuit Current Loy T, =250 — 230 — ma
Peak Cutput Currem . T, = 25C — 2.1 - A
Temperature Coefficient of . . .
. SV ET, Fower BmA, 0027, 71250 — -1.0 - | m¥V/C
Outpur Voltage
11
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HA17800P,HA17800 Series

HHA17818P,HA17818 ELECTRICAL CHARACTERISTICS
(Vi=27V, [..=500mA,0°C=T,=125C,C,,=0.33uF, C...=0.1¢F; unless otherwise specified.]

Item Symbol Test Conditions min t¥p max Unit
Output Voltage Vo T;=25C : : : 17.3 18.0 18.7 ¥
. 21VE V5233V, 5mA = L= 1 0A, Py 15W 17.1 — 18.9 v
Line Regulation SV 125 21V VL, =33V — 15 360 m¥
24V 1,230V — 5.0 180 mV
. SmAE [, 5 1.5A — 12 360 mV
Load Regulation SV, road T;=257 - -
250mA = ., %= 750mA — 4.0 180 mYy
Quiescent Current iq T,--25°C - 4.5 8.0 mA
Quiescent Current Change &1y AVE V.73V - -, Lo m
SmAZ L. £1.0A - — 0.5 mA
Output Neise Voltage Ve Ta=25C, 10HzZ f=100kHz — 110 — Hy
Ripple Rejection Hatio Raes Sf=12081: 53 69 — dB
Voltage Dhrep Vowae fow=1.04, T,=25C — 2.0 — v
Output Resistance Rou f=1kHz — 22 - mil
Cutput Short Cicewit Current Tus T,=25C . — 200 - mA
Peak Output Current I oprax T,==25C - 2.1 - A
Tempecrature Coefficient of i .
V0T, Lu=5mA, 0C=T,£125C — | =10 — | mV/C
CQutput Yoltage

MHA17824P, HA17824 ELECTRICAL CHARACTERISTICS
(Via=33V, L =500mA, ¥C =T, 2125°C, C..=0.33uF, C..:=0.14F; unless otherwise specified.)

[tem Symbol Test Conditions min typ max Unit
) T,=25C 23.0 240 | 25.0 V
Output Voltage Vour - .
27VE V.2 38V, SmA = [ = 1.0A, Pr= 15W 22.8 — | 25.2 vV
2IVE V.= 38V — 18 480 \4
Lire Regulation [ AN T,--26°C - i
30V £V, = 36V — 6 240 my”
SmAE L. =1.5A -~ 12 480 v
Load Regulation TV oar T, 25C - - =
. 250mAE L5 750mA — 4 240 mV
Quiescent Current Ie T,=25C — 4.6 8.0 mA
2TVE V=38V — - 1.0 A
Quiescent Current Change dlg - o
SmAZ L. Z£1.0A — — 0.5 ma
Output Noise Voltage ¥ Tu=25°C, 10Hz= /=< 100kHz — 170 — My
Ripple Rejection Ratio Rues f=120Hz 50 56 — dB
Voltage Drop Visroe Lo ==1.04, T,=25C — 2.0 — v
Output Resistance Reue f=1kHz — 28 - m{}
Output Short Cireuit Current Iys T,=25C — 156 — mi
Peak Outpit Current Lo peas T,=25C — 2.1 — A
Temperature Coefficient of . . . .
. SVu/dT, Lu=58mA, 0°C=T,5125C — | —1i.5 — | mV/C
Output Voltage
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HA17800P,HA17800C Series

B CHARACTERISTICS CURVE

PEAK OUTPUT VS. VOLTAGE DROP CURRENT

CUTPUT VOLTAGE VS, JUNCTION TEMPERATURE

Lutput Naltage Vi V)
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HA17800P,HA17800 Series

OUTPUT IMPEDANCE VS. FREQUENCY TEMPERATURE
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S APPLICATION NOTE put © T
f Fiwed Lurrent } lewulhr
In HA17800P and HA17800 Series, external compensating Shurce bl
circuits are eliminated and easy mounting and radiation Frl:ng l
design like transistors are enabled by employing the Carmuit 1ot Comtonl Tramsietas
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 Bharre Crrvwn:
shart circuit and one to control the operating junction tem- O Durous
perature, are built-in. HA17800P and HA17800 series are
usable fixed voltage sources and the foliowings shall explain
some examples of circuit constructions and applications for
further use, z Ri
1. Circuit Constructions of HA17800P and HA 17800 Series
Fig. 1 shows the internal equivalent circuit and Fig. 2 shows s GuRD
its block diagram of HA$7800F and HA17800 Series. .
Fig.2 Block Diagram of HA17800P and
HA17800 Series
' ) 6.
O Y Ra A Ry {1} Reference Voitage Circuit
I I 100 1ok 0 For examplaining the part generating the reference voltage,
N COLY Th the equivalent circuit shall be shown in Fig. 3. As this figure
- 9
1 Rn"ﬁuh shows clearly, the difference from the conventional method
KQ" L 721 b—{ o using zener diodes is that the reference voltage is generated
Re Qs A by only the base-emitter forward characteristics of transis-
1343 ,j—— r B 3 Re gl tors. The reference voltage VREF is:
[ r r ¥ R 0
& j’R” Virr=Vera+ Vaes + Vare + Vaes + Rl 58 W]
3
g 2Tk Ridoi t+Vegr=Ruleo+ Vara P20
Vz =72V Wies = Vags T Ragfpg vorermmrrar e i3
) , kT, I DA
o - _ﬁ:;k 1’3}7_!?1!_( .............................. P40
00 il
where, assuming that Vgg{1 = VBE3
£T 1, Ry .
Teom B Sl g
E2 ¢ R ﬂRI
~D comen
Vier = Vers— Vara+ Vars — Vies 4
Fig.1 Internal Equivalent Circuit RTRy  Re 6
of HA17800P and HA17800 Series ¢ Ry "Ry
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HA17800P, HA17800 Series

Invut O
[:H)
0 Dutpui
*An
Rin
3
Vur
0 1D
r

Fig.3 Circuit Generating Reference Voltage

In equation {6}, the first four terms in the right to equal sign
are VgE and have negative temperature coefficient, On the
other hand, the last term has positive temperature coef-
ficient. Then, give value to R, Ry and R3 so that Vgeg =
BVsVREE/ST = 0. This reference voltage source which utilize
the base-emitter Forward voltage of transistors has less noise
than the conventional ones using Zzener diodes., The output
valtage is as shown in Fig, 3;

RZD
RIB
[2) Protection Circuit
In the HA17800P and HA1 7800 Series three kinds of protec-
tioh circuit are provided. One is current limiter constructed
by Ry, R12, Ry and Q15. Another is one to control output
when load is short circuited or the power dissipation of
output transistor (17 exceeds a limit value, constructed by
R13 and D2, The other is one consteucted by (44 which pre-
vents temperature rise on the whole chip.

(3} Other Circuits

The Darlington connection, Qgq-Q3 in the Fig. 1 operates as
an error amplifier as well as a reference voltage generator. As
the collector toad of (3 is a foad 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.

Vo= Vagr <]+

2. CAUTIONS ON USE

Package used in HA17800P and HA178B00 Series are
TO-220AB, which is used for mid-power transistors and,
theretore, 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

& HITACHI

attached so that the junction temperature is betow the speci-
fied value. |f 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 TT7T
= \ Natural Convectinn
i RN arizanal P ition
- [y
= ——
= Auminum Thuard
J ﬁ\\(tﬂm width!
E \1\-\
R Copper ~
Bard I
idmm wudth! q H-.J
M
-
20 50 100 200 500 1,000

Hear Sink Arez S {cm?)

Fig.4 Areas vs Thermal Resistance
of Heat Sink
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Fig.5 Clamp Torque vs Contact
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e X 1‘/
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AT Ll
z L -
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¢ 005 Q10 0.15 0.20

Thickaess in Insulators o {mm)
Fig.6 fhickness 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 8j_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 —
9”=JP7TTG g,.. 8
Thus the thermal resistance of the required radiator is;
a,- 125—50 _ . .
T —5—0.4=2.1"C/W

{31 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<ooling by wind from
a fan.

2.2 Way to By-Pass

HA17800P and HA17800 Series may be used as regulators in

a simpie form, but stable operation requires connection of

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

7. The capacitor at input, Cjn 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, Cpyy is provided aiming at preventing oscitla-

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.

[EAY

{ummur
Fig.7 Way to By-pass in
HA17BOOF and HA17800 Series
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Fig.8 Frequency Characteristics of
Qutput 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 reguiators.

Ve Vane
r Mhirpu

i HAIZANY To
[ H Lo
N3tk

Fig.9 Fixed Qutput Regulator
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Fig.10 Operational Characteristics of
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HA17800P, HA17800 Series

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

V,h,:(1+%> Vir I Lo
1

where, Vyy. Qutpul voltage in HA17800P and HA17800
Series
Ig:  CQuiescent Current in HA17800P and
HA17800 Series
¥ | 1 v,
o Ha1 78X
Fig.11 Regulator with Increased Qutput Voltage

If the resistance ratio, Ro/R1 are equal, adopting smaller Ry
and Rp value enables to ighore the voltage drop because of
quiescent current, 1R 9.

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

T ™ T 1
| Ro=2.2k HA|TRMP
" Ky =1 1k L=
-1 4_
/ HaITan P
Ry =207
boR—=10.0

H 1 |
L& =279
I Re=10.90

1 i

20 1n

[uput Vedtage Lo 4

Fig.12 Operational Characteristics of the

Reguiator with Increased Voltage

3.3 Fixed Current Regulator
Fig. 13 shows the circuit of a fixed current requlator 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.

@ HiTACHI

HAITRXX

Fig.13 Fixed Current Regulator
The fixed current output, lgyq is;

Vex

L= E.

+1q

where, Vyy: Qutput Voltage of HA17800P and HA17800

Series
Ig: Quiescent Current of HA17800P and
HA17800 Series

LD

Lo
HAI7812
f R=240
Tow s 0,54
400 }
£ [ i
- ]
: don ]
B
Soae
R
100 —[ HA17812
I | Ri- WD |
] o= LTmd
1 1
| I I
10 mn an A0

Tnput Voltage V¥, 0V}

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 10 Vyx/R1. The maximum value of
the fixed current output, lgy¢ is maximum output current of
HA17800P and HA17800 Series, 1.5A. Then, tha power of
the resistor Ry and the maximum power dissipation of
HA17800P and HA17800 Series must be considered.

3.4 Vvariable Output Voltage {7 to 30V, 0.5 to 10V) Regula-

tor

Fig. 15 shows the circuit of a regulator whose cutput 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 controtled by an operational
amplifier and the output voltage is;

WRZ { f Fig. 15)
;o n case of Fig.
Vit (]Jr Rl) Vix

R\ +R; R
Vo = (m-) x E‘? Vix {In case of Fig. 17)

17



HA17800P,HA17800 Series

The relationships of the adjusting point potential of the
variable resistor, R, VR and output voltage, V¢ 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 30 on. When oscilta-
tion happened, inserting a capacitor between Vj, and
Common Terminal is an effective measure,

1 3
o HALTROS

H

=

Y

=
M

LI

HALTT4I PR

e

Fig.15 Variable Qutput Voltage
{7 to 30V) Regulator

T I !
HALTADS
Lo =8~1.00

Gutpur Voltage V. (V]

i} 5 1n
Adjusting Puwer Pame Futenoial Ve (V3
Fig.16 The Variable Output Voltage (7 to 30V}
Regulator — Adjusting Power Point
Potential, V. Characteristics
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HALTT4LPS 10k
Q- 'R;
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Fig.17 Variable Qutput Voltage
(0.5 to 10V} Regulator
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Fig.18 The Variable Qutput Voltage {0.5 to 10V)

Regulator —Adjusting Power Point
Potential, V. Characteristics

3.5 Regulator with Increased Output Current

In HA17800P and HA 17800 Series, output current above 1A
is available and larger current is available by externally addiag
a transistor as shown in Fig. 18, Then, the relaticnship of the
current amplification factor, hrE of the transistor Qq and
current in each parts must be

heel G2 L

T lken

Ve
O—

[
—0

Tawre Lo

HAITAXY

a

tlnk

T__j_'"_T

-

Fig.19 Regulator with Increased
QOutput Current {1)

Lw={1vheeforca+hrsle  hyel

. _hm (i_
Tinen= 14 ke Nhss ! ]U)

The output current decreases from lgyt to IQREG n 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 shawn in
Fig. 20. The limit value of the output current Igy¢ limit is
determined as;

G HITACH!



HA17800P, HA17800C Series

Fig. 21 shows the operational characteristics of the circuit in
Fig. 20. On determining RApe, line impedance and contact
resistance should be considered.

Fig.20 Regulator with Increased Cutput Current {2)

! 1
1A
Lot VT

Cutput Viltage Yo 1%

Durpur Current T LA

Fig.21 Operational Characteristics of the Regulator

with Increased Qutput 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 praviding 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
terminat Vgt is grounded and the megative voitage is taken
out of the common terminal.
Fig. 22 shows the circuit 1o get Jarger power than the com-
mercial source. Its 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 O&P, 05, -
L ]

wartaxy &

==plek

S
? 3 :

phimall o

Fig.22 Positive and Negative Voltage Regulator

rr
|

Fig. 23 shows the smoothing capacitance C and ripple
characteristics at input and output when the transformer
K3-DE9 is emploved.

K3-Dmy
| ]
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= ek
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{a}) Fixed Qutput Regulator

] [ I T
: 1AL 7BUS P
L ; } Foe 20,354
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E — E
b &
i : E
- 11 + 10 ¥
4 o
B 2
H | SRR =
= 1
= “ 2
— N ]
i \ “
o [0 1o 1,03 10,100
Eiler Capatitanee O ipl

{b} Input Output Ripple Characteristics

Fig.23 Characleristics of Fixed Qutput Regulator
with a Rectifier

3.7 Switching Reguiator

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

Vomin—=Vex+ V2 ZD00 - Ve g0
The zener diode, ZDy is to reduce the voltage applied to
HA17800P and HA17800 series. The period during the
switching element Q is ON becomnes longer with the increase-
ment of lpad current and the oscillation cycle is nearly pro-
portienal to the inductance L. The current capacitance of Q
must be twice as large as the load current.
Fig. 25 shows the operaticnal characteristics of the circuit in
Fig. 24.
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Fig.24 Switching Regulator
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Fig.25 Operational Characteristics
of the Switching Regulator
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HA178MOOP,HA178MO0O0 Series

® 3 terminal Fixed
Voltage Regulators

EFEATURES -
® Qurput Current more than 500mA
® Paossible to be widely used as power source with various
output voltage; BV, BV, 7V, 8V, 12V, 16V, 18V, 20V &
24y
® 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,
® tnternal power dissipation limiting circuit built in protects (T-220AB}
transistors in output stage.
® |ndustrial Use; . ... .. ....... HA178MOOCP Series
@® CommercialUse; . . ... ........ HA178MOO Series

HPIN ARRANGEMENT
HE CIRCUIT SCHEMATIC

0 O
1. laput
& pn 2. Commen
3. Output
[
Tup View
| W, .
MABSOLUTE MAXIMUM RATINGS : Ta--25°C:
: : i e e (i ‘
ltem Symbol Rating - ‘ T ] Jiz ﬁNT/. .
- R R N d4 ]
Input Voltage T ~NIT
S +—t+ - Loded g
(hput Voltage ™~ e " . -
put Voltage _ 4 e T N —
Power Digsipation 7 T ! T
T e o e e e ——— o B B n e o
Operating Temperature 20 te 175 '8 = 4 ! b S
R Hi~+-Esk
Junction Temperature T 20 te - 125 . T i 6 a0 &0 80 00 12 il
Storage Temperature Tore 535 to - 125 | ko Ambivn: Temperature Ta 1400

Note * Far UAITEMOSE - HALTEMIBP . HHAT7HMO5 - HAITAMIE A Ifinits heat sink
w0k Pur AATZEM20P, HAITEMZAD, HAITEMZD, HAITSM2A 1 Irfinity heat sin
e 2: 5TV heat sink | Included fixed thermal
® Pidlow the deratiye curve shown helos. A !
3 15T heat sk ¢ resistance
4 Xo hest sink

thermal resistance

8. Wooup
Woomax
oty
max..

B STANDARD CONNECTING CIRCUIT 5

RS AP
TN

|

|

i)
———T—o T

_LG!

‘21 T lut

r

HAITeMYY
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HA178MOOP HA178MOO Series

MW HA178M0O5P,HA178M05 ELECTRICAL CHARACTERISTICS
(Vie=10V, [,.,=350mA, 0°C=T,£125C, C..=0.33¢F, C...=0.14F, unless otherwise specified. ]

Item Symbol Test Condition min typ max Unit
. T,=235C 4.8 5.0 5.2 .
Output Vultage Vo TVE Vi 20V, 5 7.5W, 5SmAS L, = 350mA | 4.75 — [ 5.5 v
. . ars oot TVE V25V, £ = 200mA — 3 100 .
L.iine Regulation Vs tene T,=25C BV= V.. Z 25V, £~ 200mA — 1 20 mV
S5mA = f.., = 500mA - 20 100
i SV, ran =25" /
L.oad Regulation Vi tons T,=25C SmAZ T2 200mA — 0 50 m¥
Quiescent Current i T;=25C — 4.5 6.0 mA
L 8V = V,.=25V, L..=200mA — — 0.8
Quiescent Current Change iy BrA S Lo 350mA - — . mA
Qutput_Noise Voltage V. Ta=25C, 10Hz= f=100kHz — 40 — #V
. L . f=120Hz, | I..=100mA 62 B0 —
3 B
Ripple Rejection Ratio ! Kees T, =25C T 300mA 52 80 — d
Drop Out Voltage | Vi I.=350mA, T,=25C — 2.0 — V
Output Short-eirenit Current Ios T,=25C, V.=35V — 300 — mA
Peak Output Current To post . T,=25C — 700 — mA
Temperature Coefficient of Quiput Voltaget 0V,u/0T, | L., =5mA, 0CC =T, =125C — [ ~1.0 — | mV/C
B HA178MO6P,HA178M06 ELECTRICAL CHARACTERISTICS
(Va=11V, .. =350mA,'C= T, £125C, C..=0.33uF, C...=0.1u4F, unless otherwise specified.]
[tem Symbol Test Condition min 1yp max Unit
T,=25C 5.75 6.0 | 6.25
! Vou . !
Qutput Vollage : BV V=21V, Pr=7.6W, SmAS /. <350mA | 5.7 K v
8V V.25V, o= 200mA - 5 100 .
i i Vi —s5C, . ;
Line Regulation v T35 oV V2 95V, T 200mA — | 15] =0 m
5mA £ Lo = 500mA - 20 120
. SV PN .
Load Regulation Viana T,=25C A< 7., = 200mA — 0 &0 m\
Quiescent Current I T,=25C — 4.5 6.0 mA
9V = V.3 25V, L% 200mA - - 0.8
) g s
Quiescent Current Change Iq BmAZ .. 350mA — — 05 mA
QOutput Noise Voltage V. Ta=25C, 10Hz</<100kHz2 — 45 — 2V
. o . _ S=120Hz, | l..=100ma 59 80 —
Ripple Rejection Ratio Rues T, - 35°C 7 300mA P % o dB
Drop Qut Voltage Viveo 1.=350mA, T,=25C — 2.0 — v
Qutput Shert-circuit Current Tus T, =25C, V.=35V — 270 — mA
Peak Output Current To peas T,=35C — 700 — mA
Temperature Coefficient of Output Voliage; IV../ 8T, | T...=5mA, 0'C=T =185C — —0.,5 — [ mV/C
BHA178MO7P,HA178M07 ELECTRICAL CHARACTERISTICS
(Vu=12.5V, ...=350mA,0'C= T,£125°C, C.n=0.33uTF, C...=0.1u F, unless otherwise specified.’
Item Symbol Test Condition min typ mnax T Unit
T,—25°C 6.72 7.0 7.28 |
0} Vol Veu - v
stput Yoltage : OV V=22V, P 7,50, 5mAS Lu s 850mA | 6,65 — [ 7.35 |
SV E V£ 25V, Lo =200mA — 5.5 100
. . Vo . L . .
Line Regulation b T=35C  T0vE Vs 25V, L= 200mA — [ 17| w0 m
SmA = . = 500mA — 23 140
i [0 =25 !
Load Regulation A T,=25C SmAS = 200mA — 0 70 m¥
(Guiescent Current Iq T,=25C — 4.6 6.0 mA
R 10VE V.2 25V, [, =200mA — — 0.8
d - Al 1
Quiescent Current Change I J SmA S T 350mA — — 05 mA
Qutput Noise Voltage v, | Ta=25C, 10Hz% /< 100kHz — | 485 — v
. - E f=120Hz, | [..=100mA 57 80 -
R £ "
ipple Rejection Ratio Reer T - 250 o 300w 57 & — dB
Drop Out Voltage Vi 1, =350mA, T, =25C — 2.0 — v
Qutput Short-circuit Current fos T,=25C, V.=35V - 260 - mA
Peak Output Current s seat T,=25C - 700 -1 mi
Temperature Coefficient of OQutput Voltage| §V,./dT, | f,=bmA, 0'C=T,5125C —~ | —0.5 - ] m\V/C
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HA178MOQP,HA17BMOO Series

MHA178BMO8P,HA1 78M08 ELECTRICAL CHARACTERISTICS
[Va=14V, L. —350mA, CC =T, =125C, C..=0.33u I, Cou— 0.1 unless otherwise specified. )

ltem Symbal Test Condition min typ max Unit
T, =250 7.7 8.0 8.3
G { s e — - !
utput Voltage g HEVE V203, P2 bW A s 30 76 — 1| 8.4 v
l.ine Regulation SV, T, =251 10,5V > '-“52'5\ s do 2 200mA — 6.0 100 my
11V = V., % 25V, [, = 200mA - 2.0 50
SmA - L5 500mA — 25 160
l.oad Regulati [0 A T, 25°C —— . v
oan Hesdlation ¢ 5mA L., = 200mA — w | eo "
uiescent Curvent Iq T,=257 — 4.6 6.0 mA
72V, % 05V, 1...— Z00mA . - ]

Quiescent Current Change sl ;g‘f\ 1352(:”;\ fros = 200 — — gi mA

_Output Noise Voltage V. Ta=25T, 10Hz= f<100kHz 52 — rV
] ) ) f- 120Hz, [ L. 100mA 56 80 -
Ripple Rejor ; i t
tple Reyertion Ratio R 7,=25C [ 1.,=300mA 56 80| — as

Drop Out Vullage Viear L..=350mA, T,=25C — 2.0 — v

Output Short-circuit Current Vi T,=250, V.35V — 250 — mA

1’eak Ouiput Current Lis T, =250 o o — 700 — mA

Temperature Coctlicient of Qutput Voltage | SV../dT, Lo=5mA, 0°C 4T, % 125C — -0.5 — mV/C
MHA178M12P,HA178M12 ELECTRICAL CHARACTERISTICS

(Ve=19V, L., =350mA, 0C = T,=125°C, C..=0.33u F, C...=0.1u4F, unless otherwise specified.’
ltem Symbol Test Condition min typ max Unit
QOutputl Voltage v T,=25C 11.5 12.0 12.5 v
14 5V 1227V, £ 750, SmAs L 7 350mA 11.4 — | 12.6 i
0V, J.u=200mA — 8.0 ad

[.ine Regulation 30: f:w'--E()gme — 50 ]50 my
7 L.oad ch_u}:tii:”n = 233:2 f; f:g my
_Quiescent Current — 4.8 6.0 mA

W7 30V, L. =200mA - — 0.8
H 3 Ty C d‘f Al ¥
Quiescent Curvent Change w 350mA — — 05 mA
Output_Noise Voltage v 10z /= 100k R — #v
Fow=100mA 55 8¢ —

Ripple Rejection Ratio Kirs i 30'0:;\ pm i 80 — dn
_rop Out Voltage . Ve, | foe :300mA, T, =“25"(f I — 2.0 — na
Output Short-circuit Current o fox T, B5¢, V..=35V — 440 — mA
Peak Cutpur Current i pea T - 25°C — 700 — mA
Temperature Coelficient of Output Voltage { OV./8T, | [.=5mA, 0°C =T, =125C —1.0 — | mViC

EHA178M15P HA178M15 ELECTRICAL CHARACTERISTICS

V=23V, L. =350mA, 0°C = T,£125C, €..=0.33u F, C... —0.1¢ F, unless otherwise specified.:
Item Symbol Test Condition min typ max Unit
T, 25 14.4 | 15.06 [ 15.6
8] Voltage Vi - - v
uiput Fuluane o YL Y, P B A L {1 1505
175V Vi 30V, S — 10 100 .
i e SV i T,- 25%C : 3V
! '"iﬁ“”}a““" i 20V V.7 30V, L., - 200mA 3.0 50 "
SmA Ly = B00mA — 25 300

i rulati SV 1 =257 — !

1 na("l T\Jlj_ﬁ“n B o 15 T, = 25% B o 150 mV¥

Quiescent Current fe T, =251 — 4.8 6.0 mA

17.5V V= 30N, [ =200mA — — 0.8
oo Turr hanpe 8y : A

Quiescent Current Change N 1 - _M___ij_A'i" T 350ma — — 05 m

Output Noise Yoltage Ve Ta=250, 100z 90 — uy

=120Hz, | f..=100mA 54 70 —

Ripple Rejection Ratio R f., R 300:& T e o - 4B
TDrop Out Voluge Ve 7= 350mA, T,=25C — 1 20 — v
~9£Rul Short-ciremt Current . I TR0, V.15V — 240 — mA

Peak Output Current — 700 - mA

Temperature Coefficient af Qutput Vultage — -1.¢ — | m\V/C
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HA178MOOP . HA178M00 Series

HHA178M18P,HA178M18 ELECTRICAL CHARACTERISTICS
(Ve=2TV, L.: = 350mA, 0'C = T,=125°C, C..=0.334F, C...=0.1#F, unless otherwise specified.)

ltem Svymbol Test Condition min typ max Unit
T,=25C 17.3 18.0 18.7 R
Qutput Vohage o 2LVE Vo283V, Prel 5W, 5mAS L. 350mA| 7.1 — 189 v
21VE V.2 33V, L. =200mA — 10 104
i i SV i =25 =
Line Regulation v T=25C S VE V218V, .~ 200mA — | 50| 50 mV
. e SmAE [ 2 500mA — 25 360 s
Load Regulation OV, romi T,=25C BmAZ [ = 200mA — 0 180 mV
Quiescent Current I T, =25°C — 4.8 6.0 mA
21 V=35V, L..=200mA — — 0.8
. 5 B
Quiescent Current Change Io SmAZ L= 350mA — — I mA
Output Noise Voltage v, Ta=25'C, 10Hz=/=100kHz — 10 — #v
) o ) F=120Hz, [ Lu=100mA 53 70 —
Ripple Rejection Ratio Raer T, 25C | T —300mA 5 o — dB
Drop Out Voltage Vieap Lt =350mA, 7,=25C — 2.0 — v
OQutput Short-circuit Current fos T;=25'C, V.=35V — 240 — mA
Peak Output Current {0 peas T,=25C — 700 — mA
Temperature Coefficient of Qutput Voltage | & Vo./d'T, w=5mA, 0°C=T,5125C ~— | ~1.0 | — | mV/C
EHA178M20P HA178M20 ELECTRICAL CHARACTERISTICS
(Vi=29V, L., =350mA,0C = T,=125C, C.»n=0.33uF, C...=0.14F, unless otherwise specified.)
Item Symbol Test Condition min typ max | Unit
, T,=25C 19.2 20 ] 20.8 .
Queput Voltage Voo 2IVE V35V, Pr7.5W, 5mAS L= 350mA | 19 -] =2 v
23V V=35V, Lo = 200ma — ¢ 100
i i FVe fine =25 - /
Line Regulation Ve T=280 Ve Vg8V, o 200A — [ s50] %0 m
. hes SmAE L. = 500mA — 30 400 .
Load Regulation SV, tean T=25C SmAZ 1.5 200mA — 0 200 mV
Quiescent Current Iy T, =25C — 4.9 6.0 mA
= V235V, Lu.= — — .
Quiescent Current aly :i\;_giués:}s;ﬂ;“; 200mA : — — g: mA
Ouiput Noise Voltage V. Ta=25C, 10Hz% /< 100kHz — 110 - KV
. - . ) J=120Hz, | J.i=100mA 53 70 —
Ripple Rejection Ratio Reer T, =250 T 300mA: 53 70 — dB
Drop Out Voltage Varer I,w=350mA, T,=25C — 2.0 — v
Qutput Short.circuit Current Tus T,=268C, V.=35V — 240 — mA
Peak Output Current s seax T,=25C — 700 — mA
Temperature Coefficient of Qutput Voltage | ¢ Voui/ T, { L =5mA, 0°C= T, S126°C — | 1.1 — | mV/C
WMHA178BM24P,HA178M24 ELECTRICAL CHARACTERISTICS
(Vie=33V, L..=350mA, ’C = T,2125°C, C;.=0.331F, C...=0.1u4F, unless otherwise specified. )
Ttem Symbol Test Condition min typ max Lnit
T,=25C 23.0 24.0 | 25.0
e Vour - ;
Queput Voltage ZIVE V.2 38V, Pr=7.5W, bmA= /. S 350mA | 22.8 — | 5.2 v
27VE V.5 38V, L= 200mA — 10 100
i i GV, 1w =25 : ;
Line Regulation Ve Tr=25C 38V Vo2 88V, L= 200mA — | 5.0 & =
. s SmAE [, =500mA — 30 480 R
Load Regulation T Lm0 | 1% 200mA = 10 200 m
Quiescent Current I T,=25C — 4.6 8.0 mA
=S 7 = ¥ wur - - .
Quiescent Current Change dig :;1;3::53;5\0}"; 200mA — — g g mA
Dutput Noise Voltage ¥ Ta=25C, 10Hz=/<100kHz - 170 — sy
. L . ) S=120Hz, | Lu=100mA 50 70 -
Ripple Rejection Ratio Rrcr T,=35°C T = 300mA 50 - — dB8
Drop Out Voltage Viros Lot =350mA, T,=25C — 2.0 — vV
Output Shert-circuit Current los T,=25C, V.=35V — 240 — mA
Peak Chatput Current Lo pesk T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | $Vu,/dT, | L. =5mA, 0C=T,=125C — —1.2 — 1 mV/C
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® Compatible with SG3524

W FEATURES |—!IA17524(; !
® Ppulse Width Modulation (PWM} ‘
® Wide Operating Frequency Range . . . . . 450kHz {typ) |
® | owQuiecent Current . . . . . .. .. . ... .. 5mA typ !
® Good Line Regulation {0.2% typ) and Load Regulation |
{0.4% typ)
® Provides independent cutput stage of 2 channels. Wide r
external circuit application including single end method
and push-pull method, (DG-16) {
® Reference Power Source Qutput Stage and Switching .
Qutput Stage include current limitting protection circuit. HA173241 i
J

(DP-16}
HBLOCK DIAGRAM |

Viur

HPIN ARRANGEMENT

PRV oall
N
@ S e

T wrmie e intgras! sncur ey
NS0 Nm
e ; NNV 7
_ " L Jnont L2 I] !
0 . N I}L.E E ka
a4 [
(1) &2
sy U 7;E ;] I
w I I
SHUT
L4 E 'E W
r.\;uE I] COME

[Tap View:

brrer Ay

HABSOLUTE MAXIMUM RATINGS:

"Unless otherwise specifieb, Te— 423700 Dissipation Derating Table

. i . § .
Item Symbal Rating Linit | Note No Power Derating .
. Packape Rating Factor Above Ta
S \. Ry L- i i : . . By b
Sopels Roltese b bl B N E BO0mM | 8.3mW/C | 52.7C
Collector Outpui Current I ;_ ___10(_J" B m."t” _ ~ G . FOOmW 7.6mW 0 7
Reference Ourput Current fupe 50 mA
Current througn Co Terminal for ! 5 ma
Continnous Total Power N
T N K 600, W !
Unperating Free-Ar s ! - .
Temperature Range P 20w 75 | !
..... Semperatire Bange e ]
Strorage Temeperat- Cerdip ¥ T 65 - }50 iR
) e ; e I N 1
ure Range | Plastic | a5 1o+ 125 | i

Note 1. Wath ceapeet tr network ground Teemnal
The reference soltage can b giien by conaecting the Vee and 84 eeferance output
pins hoth 10 the Supply Veltage In this configuration, Vee 6V max
3. HAITSMIP  Value at 52.77 . In case of more than it, 8.3mW C derating shall be performed.
HATTS24G  Value at ToS700 . In case of more than i1, 7.6mW © derating shall be performed.
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HA17524G,HA17524P

HMELECTRICAL CHARACTERISTICS ( Vi.=20V, f=20kHz, Ta=25C]

Item Symbol Test Conditions min typ max Unit
Output Voltage Vrger 4.5 5.0 5.4 ¥
Input Regulation Vi pone Vee=8 to 40V — 10 30 my
Ripple Rejection Rres f=120H=z - 66 — dB
Regulator Output Regulation Vo sws | Jur=0 lo 20mA — 20 50 mV
Output Voltape Change With Output Ta=0 10 +70°C - 0.3 1.0 %
aVa/dTa -
Temperature Ta=—20 to +75°C — 0.4 |1.36 %,
Short-Circuit* Output Current Las Vier =0 — 100 — mA
Input Offset Voltage Vs Vie=2.5V — 2 10 mV
Input Bias Current I Vye=2.8Y - 2 10 A
Error Open-Loop Voltage Gain Ave - 40 — ¢B
Amplifier Common-Mode lupui Voltage Range Vo Ta=25°C 1.8t03.4 - - v
Common-Mode Rejection Ratio CMR | - n — dB
Unity-Gain Bandwidth | BW — 3 — MHz
Cutput Swing Ve n 0.5 — 3.8 vV
O5C, Frequency f Cr=0.0014F, Rr=2k0 — 450 — kHz
Vie=8§ to 40%
Standard Deviation of Frequeney Af — 5 - %
R:r=1.8 to 100kQ C=Const
Ff tune Vee=8 to 40V — — 1.0 9
Oscillator Frequency Change with ! e 2 - ?
| Ta=0 to ~70°C - 5.0 10 %
Temperature 8f/6Ta - P
Ta=- 20 to +75°C = 5.0 |13.6 "o
Output Amplitude Vi 3Pin - 3.5 — vV
Ouput Pulse Width Ty Cr=0.01p4F, 3Pin — 0.5 - Hs
Maximum Duty Cycle D.., 45 — — %,
¢ Joput Threshold Vol Yo 0 BTN ¥
arat t olt
amparater npu resho o, A age D””:M.‘" — 35 _ \‘,
Input Bias Current I - -1 — MA
Input Voltage R v 0T B v
nput Voltage Range 15 —
Current put Voitak e ! to ¢ 1.0
Limiter . B ViPin9) =2V, Ta=25C .
Sense Voltage Vs i . | 180 200 220 mV
VIiPin2) - ViPinl =50mV
Sense Voltage Change with Temperature | dVe/dTu ! T 20 1w = 75°C [ = 0.2 F — m\/ ¢
Collector-Emitter Breakdown Voltage Vi i 40 — — ¥
Collector Off-State Current fren } - 0.0 50 A
Collector-Emitter Saturation Veltage Vegoon — 1 z v
Cutput A _—
Emitter Output Voltage Ve 17 18 — ¥
Turn-off Voltage Rise Time i. — 0.2 I -- HS
- - - Ro=2k0
Turn-on Voltage Fall Time i — 0.1 — Hs
Vee= 40V, Vi =2V, Pins ]
Total Device | Standby Current IEY, 1,4,7,8.9,11.14, grounded - 5.0 14] mA
All other pins open,

Notel *Duration of the short circolt should not exceed one second.
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HA17524G,HA17524P

S APPLICATION NOTE
® Principal in HA17524 Operation

|
5N
o 1 whaile the mrerRal vicouits
PEY .
,,?\- BETUE Y —_ : "
: _ W
9 K
! 1 I—@ t
ur

— -\m[)aml;%” T
. ‘ v =

= -5

Sureent Lanter

Fig. 1 HA17524 Block Diagram

HA17524 is a switching regulatar 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
osciliating frequency and the CT is charged by a constant
current generated by the RT. Lump signals {saw-teeth wave)
at Cr1 terminal generated in this oscillator is available for
input signal to comparators which control the
puise-wideth

reference

o Py Hewdaned
Laps

[N TR

suiatvd

e Kol

a FPorward Cutpat b Heverse utput
stabilizing sStabilizing
Saurce Source
. R R R . -
voe2ay et 7 2.5k

R PR

Fig. 2 Biasing in Error-Amplitier
As shown in Fig. 2 the reference voltage connects to non-
inverted on inverfed input terminal of errar-amplifier via
resistance divider,
The output voltage from the error-amplifier is compared with
the lump signai of the Timing Capacitance CT, as shown in
Fig. 1 and comparatar can provide a signal with modulated
pulse width,
This signal, then, control output transistors Q1 and Qp,
making an open loop to stabilize cutput 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 cne of those circuits.

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

FE1A5/(R -+ Co

R=1.8k0 to 100k
Cr—0.001 to 0.1uF
[— 140Hz to 500kHz

T

,‘
ok |
|

1tk

= Hiik

ok
3
S
HUH
1l
Lk I HHN ik L0k
Timlig Hesistance fr i3l
Fig. 3 Oscillating Frequency vs

Timing Resistance

127



HA17524G, HA17524P

Then the lump wave shown in Fig. 4 is available at pin 7, C1
Terminal since the C is charged by the constant current {
generated by the RT.

G Vg
dz

W

Discharge Cr Terminal Waveform
I go Yo VealQ )= Veai
I . : Rr
O
i T AV= V.=V, 53.6-0.9=2.9V

N
T=g oy

Fig.4 Osciltating 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 cantrolled by the
timing capacitor C1 as shown in Fig. b provides function to
gain a dead time of output.

0

Vee =20V
T.=25TC

d

Li /

/

Bead Time (nesl

0.4 /

_——//

8.1
0.001

4,004 0.01 0.04 01

Timing Capacitance (7 {eb?

Fig.5 Dead Time vs Timing Capacitance

Reference Voltage: The regulator (reference voltage: VREF
=5+ 0.4V is built in Integrated Circuit. 1t can be used as re-
ference powver supply of error amplifier which determines
Output Valtage Output {Vqytl. And also, it is connected as
bias source of another circuit in 1C.

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 Voitage {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=Toe(Q )+ 1 R: —Vae(Q:)
=200mV typ.

At Current limiter Sense Amp shown in the Fig. 6, when
V+ -V _ > 200mV, Qq 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.

L-m«pJ e

— -
Lrror Comparater
Amp -

i3 Ry
[} .
ap o
i — 4
| o FhaC L.
Vi Sense Amp

S
V&

Fig.7 An Example of detecting current limit

Ex i I
oy L £33
HALTR24 '

LT

R
V. srser = 200mV

® (perating waveform at every part
HaLTazd

Ve 15V
$

Z5k I

I8 Vee
Dlny Er @
@ONonlov €1 [
A8 Mef Cy 03
B A E 3
@y +CLE
—@i -

Bown
@sc

Connd
Oue @CND"""’@ 0.001 i
l 50k T

"

Fig.8 Breakdown Voltage types
Chopper Switching Regulator

Vorr
sV

11
1
-

UnitR:Q
Clpr

L

Fig.& Sense Amplifier for Current Limiter
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HA17524G, HA17524P

Fig. 9 shows operating waveform at every parti, when the
circuit configuration of breakdown voltage type chopper
switching regulator (shown in the Fig. B} is used. Operating
Conditions are as follows, f = 20kHz, VoyuT = 5V. At
output section, two channels are connected in parallel. Ope-
rating waveform inside 1C is shown at the same time,

ECAUTIONS

Compared with the conventianal series regulator, switching

regulator generates high frequency noise by switching current

quickiy, To reduce naise, the following shall be followed.

1} As a general rule, insert line filter in order to reduce noise

at the side of Input.

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 {0V} 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.

2

3

£r Terminal

IR

Comparator
auT

® Circuit Applications

Simple polarity switching regulator: Fig. 10 shows the
cireuit configuration of HA17524 polarity switching regula-
tor which has small current capacitance {VoyT = ~5V).

Veem 15V
T ] !
|
Vec i sy
1nv Eqp -
Non Iy Gy DA vovr
Refl Our (yf +
Rr [ —_ 20
it Cr ~cL —J _
r.ut __ | &het _ .
e Jes0
fse Oue Gip l
o 1 neaie

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 {VoyT = £5V).

IITELY

3 mu% 0T
T
R L BTN
Non v € T
Het tlur [ J. T
]
v 1 s !
Lo 4.7
1 el !
” - Unit R:Q
O pF

Fig.11

Tracking Switching Regulator

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

.

S —

ik
--*_E’ ]_4.5.{.
=k

Ha) 1
Inv L=
AUT CE

el fly o
r 5]

e ny

s Sy

Fig.9 Operating Timing Chart of each part

e
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.
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Unit K1 G
[

-

>

Fig.12 Push-pull Switching Regulator
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HA17524G, HA17524P

OUTPUT SATURATION VOLTAGE VS.

CUTPUT VOLTAGE VS. SUPPLY VOLTAGE COLLECTOR CURRENT

1.0+
6.0 .
Ta=25C b ,/
fp= 0 = L~
5.0 =
B :
R 4 5 ! v
& / N ‘ /
g ] A -
g, z
N 3 |
= + g 0.3 — —
2o E /(
j: / s -
1.0 i // : %r_ |
£ / i
2 i
o 18 0 3 10 -V | ]
Supply Voltage Vro [V) [ !
I |
? ] 1] il il 40 kil

Collecenr Currenc i tmA}

OSCILLATING FREQUENCY VS,

TIMING RESISTANCE QUTPUT VOLTAGE VS. FREE AIR
SO0k g TTTTI TEMPERATURE
LI .
Vo= 20V
TTa =25'C 5.1
N L T
00k ) ""\\‘EEQ —1 s *;‘:.7:0{{‘\\\—%
el 0.7 -t
N Ak X marin
= AN .
N ORmEn bt
& & I N ]
5 Mk B, L
: = LY Ll 1
ok ETTR Sy
L " e —
= 1 -
= ok k_..\ N f
E N2 h =
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i I MG I N A O Y
on LU Ml : o
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B
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DEAD TIME VS. TIMING CAPACITANCE
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A/D,D/A Converters
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HA19202,HAT9203MP ecsi a0 converter

With development of the digital electronic technique, AfD
converters have been playing an important role of interfacing
analog-to-digital conversion. Requirement for the high-speed,
high-performance and low cost AfD 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 HA18202 is useful for video signal
processing.

HA19202

W FUNCTIONS

4-bit Comparators
Gray Code Converter ({DP-22)

ECL-to-TTL Converter .
Latch Circuits HA19203MP

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

B FEATURES
® Conversion Time
The sampling rate is 10 millian samples/sec {max).
® Output Stages
Open-collector type, TTL compatible
® Expansion ta 5-bit A/D Converter
Two HA19202's easily make a 5-bit AJ/D converter, as
shown in Fig. 2. Table 1 shows the output patterns in the

{MP-18}

4-bit application, The output patterns in the expanded 5-
bit A/D converter is shown in Table 2, V| is the jowest
reference voltage and Vi 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 convarting point will not exceed
an LSB.
® Reference Voltage of Comparator
The power supplies, V| and Vi, should have a low im-
pedance to prevent the external influence,

H PIN ARRANGEMENT
HA18202 HA19203MP

H 1 K [
we [T 2] M ﬂ m Q m [‘_]
LVertl E EI K Sampling Cloek e D:' ol
4433 .c...d ",E E] X [.jalch 0N OFE e [T .
(RT3 FE T_:]\.l.lnderflow‘
e B 7] EEE v ] wle
VeEvr DE En 2 ¢ Eb: E] P
e € [7] EJ’ i1 "] 17] @
‘ B E T.—;] L " 9 & w 11
Analogue In-A [ [] 4 cnd
Gnd+G E 1?] Litnderflow SW
N

T
¢ 2 e LFop View

ITop View!
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HA19202, HA19203MP

Il BLOCK DIAGRAM
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i ook o ol Ve by
| ks {-Bu Comparators
1
| Gray Code Cany {
]
| Bampiing [ ( ) 2! thr
| CTnck Lk J
Pulse m Gray-ta-Binacy Slave
Snapes ‘M;:'[‘H — Cade Chnw, :> L‘F‘;”‘ 2 Out
Lach B ﬁf :
Clock firay
Yiolse ) 2
) N
TTL
Lnde r{low L 1 |
i Swirching
Under fow
Slave ——y Unde riluw Linderflow
p——afLrch Master Hut
; =1 Laich

{ i
L______L*ﬁ_@________ ]

w Lt ar o Yoo

ERPAY A
e b ooy . | u
L Vs st u
. E ,J_| _
R S o ' R
v g Poooo . o
) ) A— : St -
i @ 3 ol 8_ St e e R R e e L
[ I s
G006 . ol el
I — H
= B Caveriel T
; DXL z
[T =
Fig. 2 Timing Chart
Fig. 1 Expansion to 5-bit A/D Converter
Il ABSOLUTE MAXIMUM RATINGS ( Ta=25C)
Item S ym boi Kating Unit
Supply Voltage L 7.0 v
Input Voltage at K. L Vi 7.0 v
Output Voltage at M. Q L. 15.0 v
PPower Dissipation P 350 miV’
Operating Temperature Kange T.. - 10--+78 ‘C
Siorage Temperature Range T.. 55— 1 150 T
Operating Supply Voltage Hange 13 4.5~-6.5 V
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HA19202, HA19203MP

Table 1: Ouiput Patterns (d4-bit)

a) L: GND b) L: Vec
Vs Vs
Vo Vo Vve Vo Vi o Vo Vv W ¥ Voo Vi Vo Wio Vu Vs VoM VWM VOV WV W Ve Vi Ve Vi VL
@|L|JLJH|LJHJL|H|L!H|L{H|L|H|L|H|L|H @H|L|H/L|H{L|H|L|H|LIH|L|H|L|H|L|H
@®|L|Li{L({H|{H]{L|L|H|H|L|L|H|H|LjL|[H|H H|H|L|LIH/H|L|L|HjH|L|L|H | H|L|L | H|H
@|LIL|L|L|L H|H|H{KE|L|LJL|L|H|H|H|H ©@|H|L|L|LjL|{H|H|HIAIL|L|L|L{H|H H{H
®|L{LIL(LJL|L|L|L|L|{H|H{H|H{H|H|H|H ®|H|LIL|L|EJL|L|L|L|H|H|HiH|H|H | HIH
M|HHIH(H{H{H|H|H/H{H|{H|/H|H|H|H|H|H M{L|H(H|H|H{H|H|/H[H|H{H|H|H|H|H|H H
Table 2: Output Patterns {5-bit)
Ve
Vo Vi
Vv Vo¥% W VWV VWV Ve W Ve Ve Ve Ve VW M VW W e M W W Ve Vo Vi Vs Vi Vs
2* |[L|L|H{LH|L|H|L|(H|L]H|LIH|L|H LB LI{R|LI{H|LIH|L|H|L|HIL|HB LIH|L|H
2* (LJL|L{H]H|L|L|H|H|L|L{H|H|L|L|H|B|L|L|H|/H|L|L{H|H|L|L|H|B{L|L|HH
22 |L|L|L|L|L{H|H|H|H|L|L|L|L|{HJH H|H|L|L(L|L{H|H|{H{H|L|H|L|L|H{H|H|H
22 )LL) |{LH'H|H{H|H(H]|H|H|L|L;L|L|L{L|L|(L H|H|HIH|{H[HIH H
2« JL|LjLynyrfofrLjefr)LyLjL L)L/ L | L{L H{H|HIH|H| H|H|H/H/H{H|H{H|H|H|H
M ELECTRICAL CHARACTERISTICS (7Te—25°C)
ftem Symbel Test Conditions min typ max Unit
Supply Current Iew Vie=5.0V; Input Clock Pulse=10MHz - 31 48 mA
Maximum Sampling Frequency fsc Vee=5.0V; duty = 50% 10 - — | MHe
Pin-B Minimum Input Voltage Vive Vee=B.0V 1.t — — vV
Pin-F Maximum Input Veoltage Vin r — - Vee -0.7 v
Pin-A Maximum Input Voltage Vin s — - Vee—0.7 v
Iri,flil:sumgmmlémp;‘t Voltage Difference between AVer 1.0 - - v
Pins K and L Input Voltage("H"Level} Via 2.0 — - vV
Pins K and L Input Voltage(“l."Level) m — — 0.8 vV
Pins K and L. Input Current{"H"Level) Iy Vee=5.25V; V=27V 20 A
Pins K snd Input [ Input Current(“L"Level] I Yer=5.25V, 11— 0.4V —0.4 mA
Pin-K Input Clamp Voltage Vix Ver=4.75V f,x=—18mA - -1.5 v
Pins M~@ Outpat Voltage Vi K‘O‘“_éuﬁﬁt Level: fur—8.0mA - - 0.5 Y
Pins M~Q Output Voltage Vi g‘tl‘t;f‘zix Level: fui—4.8mA - 0.4 V
A-to-D Switching Threshold Voltage Vee=5.0V; ¥g=1.8V; V. =3 8V —50 9 +50 my
Resistance between Pins B and C Kac 300 400 500 a
Resistance between Pins C and D Reo 300 400 500 Q
Resistance -between Pins D and E Ry 360 400 500 o
Resistance between Pins E and F Rew 300 400 500 0
A-to-D Converter Frequency Response{lMHz) Fra Vir=5.0V: Referred to f=100kHz -1.1 0 +1.0 dB
A-to-D Converter Frequency Responsel3MHz) Fan Voo =5.0V; Referred to f=100kHz —-3.0 [ +1.0 dB
Pin-A Maximum [nput Impedance £,y Vee=5.0V, ¥V, «=2.8Vy - 100 0
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HA166 13A #8-bit Dual Siope Type A/D Converter

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

B FEATURES

#® Two-<channel analog input

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

® Oscillator and regulator are built in.

H BLOCK DIAGRAM
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23] Ve
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2 cryY
[20] 7=
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(18] 051
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ftem Svmbol Rating I Unit
Terminal Voltage [ -0.3 te Vo : v
Supply Voltage Vo 7 v
-Slandard Current of .[‘;u\'er ‘Sﬂurce I S T 5 mA
[ogiec Output Current I +500 A
_l_nlt.-g_mud-du.tput Current froer +200 HA
ﬁ(Jperal‘:ng Temperature T.. 20 to 4+ 75 T
Storage Tempervature T.. T =55 to +125 C
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HA18613A

I ELECTRICAL CHARACTERISTICS (Vcc=5V, V,.es=_2.0V, Vzs=0.8V,

V.=2.4V constant,

fosc=10kHz, Ta=25°C)
[tem Symbol Test Condition min iyp max Unit
Conversion Time Forer=200kHz — — 5.2 ms
Resolution — — 8orb bit
T. =0~ +40°C - 0.39 =
Accuracy N z16 N 0.39+ %
T=—20-+75C - Istep -
Analog Inpui Veltage Range Vin(ope: 0 — Veo-2 v
Standard Volt T . b J AV/AT, Short circwit T=0~-+40C - +50 - e
andard Voltage Tmprature Dependenc 5
ge Tmp pendency : between T——20~+75C - [ ="
Standard Voltage Spply Voltage Dependency |8 Ve/abec| & oot Yee4—6V 7 ¢l 7| mvsv
age oltage Dependenc L : -
andard vottage Seply Vollage Tepencency |\ BTVEEC) pi—2.4k0 Fug soeeer = —5002A "
Standard Veltage Internal Resistance AV/ALL 1i=1~5mA - 24 5 4]
Oscillation Frequency Temperature _ — 9 o _ — o
Denendeny 80/ ATy | fuwem 100kHz, T= —20~ +75°C +0.3 %/°C
Oscillation Frequency Voliage Dependency |A[f.../AV:d f..~100kHz — +1.8 - %/
Reference Voltage Vies pooT e e e Pin 15816, 1116 | 1.20] 1.340 v
Analog Input Current Iiw Via=0V —.2 - - HA
Fovsoner | Vou=V¥ee/2 — —106}] —50 #A
Logic Output Current*
Bl Liwnr | Vor=0.4V 500 | - HA
I Via=0V —20 - — A
Logic Input Current® o =0 u
Lin Vin=Veu — - 20 HA
1 1.0 - - v
Input Voltage** i
Vs — - 0.4 v
Operating Supply Voltage Range Voo opes L=—20—+75C 4 5 | Voo max v
Maximum Operating Frequency Sasctapn 200 - kHz
Power Dissipation Pr Vee=5V - 30 60 mW
Three-state Qutpat Leak Current for V=0~ V¢ —5 — 5 HA
Note)  * I Applied to 2°~27, ADE, & DOT.
* % ! Applied to ADS, TS, CRY, BIT, & CHS.
136
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HA16613A

I TERMINAL DESCRIPTION

Terminal Description
i Analog input voltage is applied. (iNl ----- 1 channel
INL - IN2 INZ - 2 channel
For switching the analog input terminal. {0 > 1 channel
CHS .
1 : 2 channel
ADE A/D Conversion end sigral is applied. (0 ! End )
1 ! under conversion
A/D Conversion start signal is applied. When ADE=1, A/D
ADS . . . .
conversion starts at negative edge of ADS input signal,
A/D) converted pulse is directly outputted between ADS and ADE.
DOT S ;
{ 3 state is impossible.)
For switching 6-bit or §-bit full scale. 0 : Bhit
BIT . .
1 : 6bit
Digit switching at 4-bit parailel transfer.
CRY (0 I 4 bit lower + 4 hit upper)
1 : 4bit upper + 4 hit upper
Make 8-bit output terminal to be high impedance.
TS (0 : Qutput )
1 : High Impedance
gu. g1 Binary output terminal
During A/D conversion, the previous data is available,
Oscillater external terminal.
OS], 08C When a clock is applied from external part, a resistor of
some hundred k {2 shall be added to QSL
REFS - Vs Regulater terminal
REF Reference voltage for integrator is applied.
IGIL- 1GO Input & output terminal of integrator
Generally connected to GND.
ars Terminal for offset adjustment, in case of small digital

output through A/D conversion.
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HA16613A

LINEARITY CHARACTERISTICS

00 l
Vee=5.0V
Using & Built-in Regulator

20— f..x10kHz
2channe]

200 /

Digital Qutput Nz

100 7 Lo}

V4

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Aralog Input Yoltage Wi LV)

CONSTANT VOLTAGE-TEMPERATURE

Valtage at Regulator Terminal Vi (V!

DEPENDENCY

1.25 T
—F ¥ 25,0V
| Rr-z ke
. i 5

120 % i
T T i
e I i

T
1.15
110 =

Ambiem 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 Vipy = 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 ~ 8Bus. The quantity of current flowing through
digital output terminal is equat to that of a LSTTL.
Therefgre, 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.

4, Timing from CHS {Channel Switch) to ADS {A/D Conver-
sion Start) is more than or equal to Q seconds. 1t may be
accepted that CHS and ADS are performed at the same
time.

LINEARITY CHARACTERISTICS
(LEADING EDGE)

30
% Tl ]
Ver =54V j
L 11 [ 1 1d
| IR A4 HE
[
wl i g
w i ] T f
I
: ! N
RN
i l‘..LJ_}‘ i
S - ;
- |
1 1 :
L Connert ADE & ADY
Loy d | i
4 1 Ll
- [ L
0 50 106 150
Analog lupue Voluge Vv im\)
CONSTANT-VOLTAGE INTERNAL
RESISTANCE
1.200
E '_—1'—-.»-_,_.,___‘
L 1050
1100 Voo %58
0 5 10
Carreat of Vinsiam valrige
Regniatod Dewsr Source froomd

ENOTE

When input analog voltage of Z3 or less, input anatog voltage
of Z5 or more and A/D conversion is done, after the maxi-
mum conversion time perform A/D conversion.
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HA17008RP , HA17008R @G #2ti Mutioiying Digital-to-Analog

HA17008R is a 8-bit monolithic DfA Converter, with a re-
ference current amplifier, a ladder resistor of R-ZR and eight
high speed current switches built in. By establishing a re-
ference current and resistance, it is possible to change the
maximum gutput current according ta the applications, And
it is pin-for-pin compatible with DACO08 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 265/256 of the reference current. For example, the
maximum output current gained from reference input
currant of 2.0mA will be 1.982mA.

HA17008R provides a wide scope of application including
CRT display, control of step motor, programmable power
source, audio instrument, attenuator, etc,

FEATURES

Wide Operating Temperature range & a linearity of
+0,19% {+1/2 LSB) is guaranteed.

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

Low power dissipation, 135mW typ.

Compatible with TTL, CMOS logic.

Reference Supply Voltage is;

Voo = +16V, VEE = -156V,

Output Voltage Range with Accuracy Guaranteed is wide;
-10V to +18.

M BLOCK DIAGRAM
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HA17008RP, HA17008RG

W ABSOLUTE MAXIMUM BATINGS (Ta=25C)

Ttem _L Symbol Rating Unit

Supply Voltage ‘! Voo 118 v

| Vie —18 v
Digtal Input Voltage T w-—————r———-- V. Vi Vir to Vee+36V v -
Reference Current fs R SM__"‘H_-‘_—T—
Input Voitage Range of Reference Amplifier mk-(_m Voo, Vir ﬁi'—'{'—_—
Power Dissipation Pr 500 mi
Operating Temperature Ter \4. - 20 to +75 'C
Storage Temperature B T,..,: —55 to +125 B C o

* . In HAL7TGO8RG.—65 10 +150°C

. ELECTRICAL CHARACTERISTICS ( Vee= 15\*’. V@r,&:: ~15V, I,.-f: 2mA. Vruc= 0\‘, Ta=25°C}

ltem Symbol Test Condition min | typ max Unit
Relative Error Ex - - £0.19 % FS
i, All Bits OFF to ON - : 85 150 ns
i d i | 35 60 ns
Maximum Output Current Drift Torn =50 ppm/ 'C
Digital Input Level Ve v
gital Input lLeve
’ V. 0.8 \
! 10 A
Digital Input Current {MSB} ML e -
1 — EA
Reference Bias Current L - pA
2.1
Qutput Current with Accuracy Guaranteed I, = - e ’—-{ A
¥ ’ Ve——8.0 1o 18V 0 2.0 1.2 "
V. =10. 000V I
Output Current L R R =5. 000k 1.94 L9 o md
L., | All Bits Low - o | 200w
, - ‘ . E£0.19% Vee= —15Y B R e T
lOutput Voltage with Accuracy Guaranteed ___lfh‘,” | Te=isC 10 l +18 v
Reference Current Slew Rate SRI... 4.0 8.0 - mA/ s
I, Vie=+5V L. —1mA - 2.3 | 3.8
L Voo =5V - L 5.8 | —4.3 -
I Ve - LBV Ty - 2mA 2.4 1.8
Supply Current 4‘ A
Hpply Sarren L. Viim — 15V _ | 78 | 64 - "
T TR T S 30 N X
Lo Vo= —15V [ =g | =65 |
1.5 15 18 \
Supply Voltage
—18 —15 -4.0 A
! Vo= +5V L =1mA _
P S B 18
Power Dissipation ! Pr: Ve - +‘?;‘\. LTy r = ZmA - 108 136 ¢ m
| A I R |
| = 115V L —2mA 1
I P vl Dy 135 t7a
Full Scale Cuarrent Difference | Irss FE o -8.0 Ttl. -8.0 | A
Digital Input Scale Vi Viwe = =10 to+13.5V -1 - 18 | v
Threshold Conirel Voliage | Vine - 10 0 13.5 A
Digital Input Threshold Voltage | Vie: - Ve 13! - v
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HA17008RP, HA17008RG
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HA17008RP, HA17008RG

B EXPLANATION OF FUNCTIONS

® Reference Differential Amplifier and Phase Gompensation
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 aH currents to pin 14. {Refer to Fig. 1)

To input a positive pulse ta 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
1k52, 2.5k52, 5kit, the lowest capacitance is 15pF, 37pF, and
TopF respectively. The capacitor shall be connected to VEg
or GND, When a high impedance is required, connect R, ta
GND, and R,,, to the negative reference voltage, {Refer to
Fig. 2) in this case, capacitor for phase compensation must
be connected between VER 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
Q.1uF capacitance from the connecting point.

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

When pin 14 is controlied 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,

M5B
A,
A
m— T
| y, 12-HIT
4 D7A B
An
A
Araanaa | g8k
LSB] [ [ T % s0ku
Vo
2.0V 0.1nF
I f1oow .
i Waigra, ERROR
] Rix Vee 11 1"
9500
14 13
11
117
KBIT % g Harae | |
Counter T2
J RN
T2
1516 3 2 1
1.0k4 -
Vir

Fig. 3 Circuit to Measure Relative Accuracy
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HA17008RP, HA1 7008RG

H AN EXAMPLE OF OPERATION

® Current — Voltage Conversion by an Operational Ampli-
fier

,i,.—i |13

HAIT408

w|m|~ ||

k0

The theoretical output is;

P

As
i 1z
Ty

e

L

Vo—= & (Ru) (i

14

ool
+
|2
4

sy A A
e T 128" 56)

o3|
bl
o

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

AN W
Vi 3 (5K) (2 + it
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HA1 7408 P r HA1 74086 @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 B-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 255/2586 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.

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;

Vee = +6.0V, VEg = 5.0V, 15,0V

Qutput Voltage Range with Accuracy Guaranteed is wide;
~5.0 to +0.5V

H BLOCK DIAGRAM
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HA17408P, HA17408G

H ABSOLUTE MAXIMUM RATINGS ( Ta=25C)

[tem Symbol Rating Unit

Supply Voltage Y 25 v
Vi s —16.5 v

Digital Input Voltage WBoto Vi, 0toe +5.5 v
Qutput Voltage V. —0.5, —5.2 v
Reference Current fi 5.0 mA
Input Voltage Range of Reference Amplifie:r Virs Vir, Vi v
Power Dissipation Py 625 mW
Operating Temperature T -20 1o +75 T
St()rag’e Temperatuere T.." -55 te +125 ‘C

* Dln HATT408G, - 85 to ¢ 1507

BMELECTRICAL CHARACTERISTICS ( Ve-=5.0V, Ver=—15V, [..,~2mA, Tae=25C)

Ilem Symbol Test Conditions min typ max Unit
Relative Error Ex =0.19 %FS
Settling Timei 1 1/2[.5B) N All bits; OFF to ON - 250 - ns
Propagation Delay Time trnaad i - 30 100 ns
Maximum Output Currvent Drift Tern - =20 pp/C
Digital 1 | | Viu 2.0 = - vV
rit ¢ Love
igital Input Leve . - - 0b v
. Iin Vie=5.0V - 0 0.04 mA
Migital lnput CurrentiM5H!
i V=08V -0.8 | —0.002 - mA
Reference Input Bias Current I.- -31.0 1.9 - HA
Vip=-5.0V 0 2.0 2.1
Qutput Current with Accuracy Guaranteed Tow mA
Vee=—7.0 to —158V 0 2.9 4.2
Fego- 2,000V 1.9 1.99 21 mA
Qutput Current L Ry .= 10004
[t All Bits Low - 0 4.0 #A
) . i EZ0.19% Vig - =BV - 6.6 - +¢.5
Cutput Voltage with Accuraey Guaranteed V. ) - v
Ta=25C Vop<o o 10V - 5.0 - 10.5
Reference Current Slew Rate T ST, - 4.0 - mA/ s
Sunply { 1.9 14 mA
upply Current
fon 13 —5.8 - mA
. V 4.5 5.0 5.5 ¥
Supply Voltage N
Vi 16.5 15 -4.5 A
| .
All Bits Vi 5.0V 34 136
o low V.p = - 15V - 108 265 .
Power Dissipation P - - mi
All Bus Visr 5.0V 3¢ -
High Vo= - 15V - 108 -
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HA1 70 1 2 P r H A1 7 0 1 2,G @12-bit Multiplying Digital-to-Analog Converter

HA17012 is a monolithic high speed multiplying D/A con-
verter which provides 12-bit resuition and current output. It
is divided into two groups according to the accuracy of
lingarity and the differential error,

HA17012F

® FEATURES

@ With differential current attraction terminals (i,,T,)

@® 4mA full scale output is gained with 1mA reference input
current,

® The settling time is short, 250ns (typ), and fast conver-
sion is possible.

® Possible to connect s digital input to TTL and CMOS
directly, (DP-20)

® Compatible with Am6012 of AMD Ltd.

HA17012G
HACCURACY
Type No. Linearity Accuracy Differential Accuracy
Bit LSB Bit LSB
HA17012B 11 *2 12 *1
HAL17012C 10 +4 11 +2, —1

(DG-20)

H BLOCK DIAGRAM

MSs8 L5
Be B W B NS
I

00000 N
- - NG =3

M PIN ARRANGEMENT

8 [1] 16 | vt
g B
Hs E E LNl
He E e Hl‘ sH
By | 10 E Ha

Power Supply Ladder Cireuit —|

nterface Circuil ] |
I: BWE 18|
5 O O 00 =3
R A AT T LT o o[ ol
RERENEEEE oG e
|

{Top View!

B ABSOLUTE MAXIMUM RATINGS (Ta=250"C)

Item Symbol Rating Unit
Supply Voliage Vv *18 v
Logic Input Voltage Viry =5 to +15 Vv
Analog Quiput Voltage Vour -8 to 412 v
Reference Input Voltage Vi Vo ote V¥ v
Reference Input Current Ly 1.25 mA
Differential Reference Input Voltage Range Visiar +18 v
Operating Temperature T —20 to 475 C
Storage Temperature * T —65 to +150 C

*In HAIT012F; 55 to +1257C
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HA17012P, HA17012G
H RECOMMENDED OPERATING CONDITIONS
Item Symhbo]l |Recommended Value Unit YHS-15VE V(- 10.8- - 18V) Ver 5.0V
v 5 to 15 v
Supply Voltage v 15 to —10.8 v
Logic Input Voltage Vi 010 ¥V vV
Reference Voltage Veer 5.0 v Eog
_ﬁz;ence (jnrrent_ T Tt 1.0 mA I T
Reference Input Resistance Ris, Ris 5.0 kit 018 11
Phase Compen-sation Capacitance Ce 47 pF
Output Voliage Vour 0 v
1 2 3 4 § & 7 8 9 10
B ELECTRICAL CHARACTERISTICS {V'=—V =15V, I..,=1mA, Ta=250C)
HA17012B HA17012C
Tiem Symbol Test Condition - - Unit
min typ max min typ max
Hesolution 12 12 12 12 12 12| bits
Differential Error DNL V=0V —0.025 — 1 +0.025 —0.025 —| +0.05| %rSs
Non L.inearity NL Veur == OV -{.05 -1 F0.05) —0.1 - +0.1] %FS
Full $cale Current Ies RTRY e | 208 sow| aees ssn] sl 402 ma
Full Scale Temperature Dependency Alesfirs — +10 — - +20 — 1 ppm/°C
Output Voliage Range Ve R.., > 10MQ —5 - +10 —5 - +10 Vv
Full Scale Subtracted Current Tesu Tes— Tss —2.0p 0.4 +2.0] —4.0] 0.8 +4.0 HA
Offset Current I - D.1 - 0.4 sA
LSB
Settling Time ‘. to £5 . L ™
All bitg ON.OF'tj
Delay Time toea, i 50% to 50% - 25 - - 25 - ns
Output Capacitance Cout - 20 - - 20 F
Logic Input Voltage L — — 9.8 - — 2.8 v
Viu 2.0 - 2.0 - v
Logic Input Current Iy —5V= V. <415V —&0 - +20 —60 - +20 HA
Ligic Input Veltage Range Vis —hV = V= +15V -5 - +15 —5 - +15 vV
Reference Current ageimwi Tarr 0.2 1.0 1.1 0.2 1.0 1.1 mA
Bias Current at Reference Terminal Iis -3 — 0 -3 - [+) pA
PSS-Tes 13.5V= V' £16.5V -10 - 10 10 - + 10| ppmFS /%Y
Supply Voltage Dependency
ISR ES -16.52V 2-13.5V —10 — +10 -10 - + 10| ppmF S/ %Y
Seply Voltage Range V- V.=V 4.5 - 18 45 — 18 v
) v -18 -l -10.8 -18 —| ~=10.8 v
. r V=15V - 52 s B
Supply Current , A
! Vo= —15V 23; -17.2 ~23] —17.2 -
Power Dissipation P, ‘ vy I I B S
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HA17012P, HA17012G
FULLSCALE CURRENT VS, FULLSCALE CURRENT VS.
OUTPUT VOLTAGE RANGE SUPPLY VOLTAGE
B [ L AV A e R
| St =tma ] N IR D R § S AP S
I
'—-_-—--‘—-_-
H = |-v* Variable
5 % (v Yacisble
5 3.98 R +
e 3
2 :
I j
3.9 3.9 I
-5 B 1 [ q 10 14
Dutput Valtage Range Voo (V] Sugply Velage ¥V (Vi
SUPPLY CURRENT VS. SUPPLY VOLTAGE(1} SUPPLY CURRENT VS. SUPPLY VOLTAGE(2}
6.0 Tl I |
Vo= -1sv
IEAESTYY
V=15V {AII Bits “H" fo =l=GNb
frey= 1mA Al Biis L7
fo =Ta=GND
- LT N
3 50 = 0
4.0 [ -6
o 4 10 14 9 4 10 14
Supply Voltage ¥ (V1 Sapply Valtage b 14
SETTLING WAVEFORM(ALL BITS ON-QOFF}
T r
Lot 1V A.I- 5v ®
_________
1 AL
ihgital lnpur To Ostilluseope
o
oG
b
i DUt

Input

Nute !
Peobe Capacitanee @ Tpl

v
Test Circuit

1=50ns div
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HA17012P, HA;I 7012G

® APPLICATION NOTES

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

2. Method to Connect Qutput Circuit
{1) Resistor
® Unipotar Negative Output Voltage

Aih Wth 1ith 1518 Vorr

{ i | fks]

In
T

TRt

I -

= T T T -—

i Tanca lum?

rﬂm% ERFON
e '[ 'E 00 0 el

SN Y -

S

é 1K SE -
A2
ey
® Bipolar Qutput j
wih lthi 1th Lk |_‘
% % [ETTITAY
T o [
. : . : N S o
[ | T 1 [
' » : ‘o
! It

HALToL2

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

les =1, +1, = 4ReF
VREF is converted to the reference input current (IREF) by
R

VREF

'REF = —¢

]

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 xRy, (k22} (pF)

For example, when R,, 0 5k, the minimum value of C¢ is;
Cc=5x5=25 (pF)

® Negative Reference Voltage

22ubi Tamalumi

0.1k

forr=1.0000mA

Input Code 1., 1. Vir Voor
MSB L3B | (mA} {mA} (V) V)

111111131111 3.999 0.000 3.999 0,000
111111Ek31119 3.998 0.001 -3.998 0,001
100000000000 2.000 1.999 | —2.000 | -1.,999
0000000000CC1 0.001 3.998 [ -0.001 ] - 3.998
090000000CCO 0.000 1.999 0.000 | —3.999

Tuer=1,0000mA

fnput Code I. I, Viir Viir

MSB 1.5B { mAl 1 mAJ (V) y)
1111111118111 3.99%9 | 0.000 | —1.999 | +2.000

11111111111¢@ 3.998 | 0.001 | —1.998 | +1.999

100000000001 2.001 1.998 | —0.001 | +0.002

190000000000 2.000 1.999 0.000 | +0.001

011111111111 1.999 2.00¢ | +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 Qutput Buffer and Amplifier
® Unipolar Positive Output Voltage {Straight Binary)

grh 10th ilth LSK

v

Vorr

Vour

5V

25000k Digital Input ———————a=

7__—"‘[\____

HA7012

HAL7082

® Unipolar Positive Output Voltage {Complementary Binary}

9th 10th Lith LSk
I 10 ey

(H

|
L

Vaou

+

L#L

v

RN [

Fs

Digital Input—r——

HAIF012

HALTOBZ

® Symmetrical Offset Qutpat Voltage

9:h 10th 1ith (B3]

o 25000kE  2.5000k2
{ T 47._.'._ AN el
\ | ,
I i j 1 1T =
T T T T
1 ! ! ! ! 0
T R
/ 146 196 1bg8 168 % vour 4
L-# L-i L_# L_# irs
Zs
1.2500kR
L
HAL7O12 HAI7082 Julliin

Digital lnput ———e e
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HA13007 ecuos onver

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,

HEFEATURES

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

Low output collector-emitter saturation voltage.

®
@ Compatible inputs with TTL, LSTTL and 5V CMOS. {DP-1BA)
@ Included integral transient suppression diodes for induc-
tive loads.
& Less input current.
H PIN ARRANGEMENT B TRUTH TABLE
S ENABLE IN ouUT
OUT A H
CLAMP H
0UT B L «
GRD ;E for rach input:
oND H - High level . 2.0V
5o~ Low level : 0.8V
OUT ¢ * = Irrelevant
CLAMP
T D
{Top View!
B ABSOLUTE MAXIMUM RATINGS (Ta=25C"
Item Symbol Rating Unit | Nole
2.1k
Supply Voltage Yoo 7.0 ¥ 1 z
[nput Voltage Viy 0 to Voo v & sk
Output Voliage Verx 60 v 2o
Output Current Iocy 0.7 A 2 osf
Power Dissipation Pr 1.8% W 1 R
Thermal Junction-Case 2, 15 °C/w i
U
Resistance | Junction- Ambient ¢, 60 |C/w -4 n an &0 12 160
Ambienmt Temperature Ta (T)
Junction Temperature T, 150 C
Operating Junction Temperature Range | Thin —40 o +125 ‘C *1 A maximum thermal Tesistance junction w ambient of 35070
N with the device soldered ante a P2 board is achievalle
Storage Temperature Range T..e —55 te +125 C provided there 15 enough copper on the P.C, hoard.
Note! 1. The derating curve 4 shown helaw,
152
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HA13007
BELECTRICAL CHARACTERISTICS (Tu=25C, Vec=5.5V)
liem Symbol Test Condition min typ max Unit
Output Leakage Current forx V=60V, Vn=0.8V e - 100 HA
Output Suslaining Voltage Virioe: | Vin=0.8V, Ir—10mA 60 — — v
l:=0.4A — 0.3 0.5
Qutput Saturation Voltage Vierw. | Vir =4.75V, Vix =20V ‘ v
I =0.7TA - 0.5 0.7
Input low Voltage V. — — 0.8 v
Input Low Current i Vix=0.8V. [-=0 — -1 F1i MA
Input lligh Voltage Vi [ 2.0 — - v
Viw=2.0V — 0 <10 2A
Input High Current hn fo=0.7Ax4
Vix=5.0V — - 1.0 mA
Supply Current{ Al Qutput ON} I I-=0.74%4, V.. =55V {All lnputs! — 50 65 mA
Supply Current {All Outputs OFF) e Vix=0.8V [ Al Inputs) — 8.0 — mA
Clamp Diode |.eakage Current I Vi =50V — — 50 HA
Iy 1.0A — 1.2 1.6 v
Clamp Piode Forward Voltage Vi Viv=0.8V - — EE—
- —1.54 — | 13 ] 20 v
Turn-n Delay trey — 1.0 -— Hs
Turn-Of Delay frue — | o3 - Py
a8 ha
e 4 i P /
s Ta= +85°C z
+25% : "]
Lz e )/ i (R —
R 04 / I
- | ER 0.4
(5] = E =
5 = @
5 £ i ;£
= ; 0.2 // R 5.2
on = “ ¥
[E
/ Feo =TV
7~ Yoy =zal¥
- — n .
i .2 0.4 K -0 ) 10 a0
Ie fan Amtnent Temperature Ta [CH
e —Vieqaan Ta Voo
N | [ B APPLICATION
e
i S o ® Stepping Motor Drive
- Ly 43k Ak fivy 3V max.
£ I I ,—;\i—-i""'—'_ T sk
E:' / | N - . ol |
:: o | A Mﬂ——-— #1 O————p ] 7
g L l - T B | s
i Wl o=
/// A bt T 3
,/,fﬂ = 11 AT
u an 4 Wl Erahlr T T | ryr—
Supply Viltage Ui @y # [E 7
# & T WG
Vee —1s
.
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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, cutput amp, control amp,
and forward and back rotation circuit functions in ane 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.
® | ow Output Saturation Voltage,
® Hahl Amp with Hysteresis.
® With Thermal Shutdown,
SP-23T
® |ow Thermal Resistance Package, ¢ )
EMABSOLUTE MAXIMUM RATINGS (Te=257)
[tem Symbol Ratings Unit
Control Stage Supply Voitage (Note 1] Veer 7 v
Output Stage Supply Voltage (Note 1) Veez 15 v
Output Current Iy 3 A
Power Dissipatien [Note 2) Pr 25 w
Junction-Case 4,_. 3.0
Therma! Resistance T/wW
Junction-Ambient g, 40
Hall Amp lnput Voltage Vi 0 to Ve v
Direction Voltage Va ¢ to Voo v
Control Voltage Vers 0 to Voo v
Junctien Temperature T; 150 C
Operating Junction Temperature Range m —20 to +125 C
Storage '.f'emperal-nre Range Targ —55 to +125 ‘c
2. See the derating curve of Fig.1
Notes} 1. Recommended Operating Voltage _
z 5T
min typ max Unit =B
SR o
Veer 4.5 5.0 5.5 v K
Vecz | 10.2 12 13.8 v z 10k
a
- 425 W Without Heatsink
Bl =20 [ 25 50 0 100 126 150+

Ambient Temperature Ta [T)

Fig.1
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HA13406W
MELECTRICAL CHARACTERISTICS (Ta=25C, Vcc1=3V, Vec:=12V)
T
item Test Conditions i mn typ max Uhit %:ls':ninal Note
i Voo -] 15 | ma 3
J Veri=0V
Voo - 10 i5 mA 1
] Quiescent Current P —— ——
Total 3 Vere= Voot | Veey - 10 15 mA 3
o J RL ‘_Open = —_— —_ T
i Veez - 105 150 mA 1
ihermal Shut- Down Vern=Voer, In—=0.1A 150 - T 1
emperature
Input Bias Current - — +50 HA 18--23
Hall Amp te Input Common-mode T T } .
Logic Voltage Range 2.0 3.0 v Ditta
Hysteresis width R.=2200 15 - 30 m¥ Ditto
Sustaining Voltage fe=20mA i5 — — v 13.15.17
Output Leak Current Ver=15V — — 10 mA Ditto
Saturating Voltage Verr— Voo, In=2,8A — 2.8 3.8 v Ditto 2
Internal Reference .35 o5 7 65 v 6
Voltage
Output Resistance 2.5 _ W0 Ditto
of Reference
Buffer Threshold Voltage fo—20mA — 10¢ mV 8 E 3
T
Vore—=5V - H =10 A Ditto
Input Current F— T T E e o ! S
i Vern=1V - -3 +16¢ A Ditto
Voltage Gain fo=0.8A, J—500Hz - 0 — dB 11
Input Offset Voltage | Jo—=20mA 100 | — mV 12
Control Amp
Voltage Gain i fo—0.8A. f=500Hz - 0 — dB 11
Leak Current { Vee—15VY — o 1.0 mA 2
Comparator < ——
Saturation Voltage ‘ fe=20mA — 1.0 1.5 v Ditto
Voltage Range for J _
Forward Mode i 2.0 § v 4
Voliage Range for - .
Direction Reverse Mode J 0 0.7 v Ditto
Vue—=GND - 1.2 — mA Ditto
Input Current I
‘ Vo—=5V — 0 mA Ditto
L I
Notes! 1. The specification indicates the temperature of the case.
2. The specification shows the sum of the upper and lawer saturation voltage.
3. Reference to pin 6.
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HA13406W

M BLOCK DIAGRAM

Veer Veer UV, W S Qutput Amp
— e e ——A B :Buifer Amp

@ | CTL  : Control Amp
U-Hall - » (3 u-Ou € :Comparator
@ D " Direction
N
P

« Neutral Point Feed-back

I Pratector

Delec(ing Output Current

Direction
Hi | Forward ((4)

(5) Stabilizing Neutral Point
Lo Reverse

I @ Feed-back
—¢ Phase Campensation
_E I

Voltage

Petermining
Threshold Voltage |

W APPLICATION
®LINEAR DRIVE

v ! ' Vie
T HALBEW é L. o
it I LI e Ottt e

156 G HITACH!



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 VoL, the following is
given.

(RIUG+R107) VCTL_VRff

Here, the VRet is the voltage at pin 6 and determined to
Vee, /2 internally,

Conseguently, connecting the output of the servo |C to the
terminal 8, constructs the servoc 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,

To— B T )

where Vere == Vi Vern — Vae

Jom= —ERE T TR e 9)
Rre

External Components

Parts No. Recommended Value Purpose Note
R, Ko For hall elements bias 1
R, K, B 100 {1/4W) For stability
R, R — For determining the control amp gain
Rue 0.220 (2W) For detecting ouiput current
Cra TuF/16WY For phase compensation of control amp
Cion 106F/16WV For stabilizing the neutral point
Cuary, Loy Cus LOpT/16WV For stability 2
Cioe 0.1uf For power supply by-passing
Cuor L00pF/16WV For power supply by-passing

Notes! 1, Determine st so that the aput voltage of hall amp {ACT will be more than 100mVie.
2. I the system will be adversely affected by the spike voltage at commutation, make it larger {max 22uF"

®HIGH EFFICIENCY DRIVE

Koz

Vo

Crnx
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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 controf voltage VoTe. Conseguent-
Iy, the ON-OFF duty of the external switching transistor Q,
is also controlled by Vg1, That resuits to so-called PWM
control of power supply, which means that one pin voltage of
IC's is controdled.

To the comparator C, the voltage which appears at current
detection resistor RNF feedbacks, so that the relationship
between the current which flows the motor coil, lo and the
control voltage Vo 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%.

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

Parts No. Recommended Value Purpose Nete
R, Hu: —_— For hall elements bias
Rioa, Rae, Ruiss 100 (1/4W) For stability 1
R, Rm,—l — For determining the control
R 2.2k0 (1/4W) For preventing frem error-operation caused by the leak current
Rigs 2.2k0 [ 1/4W) For limiting output current of comparator
Rua —_— For determining the hysteresis of comparator
R 4.7k82 For bias of Neutra]l Peint Feedback Circuit
Ryr 0.220 (2W} For detecting output current
Cuat 100:F/T6WV Low pass filier
Cuz, Cruw, Cus 0.1 pl For stability 1
Ciore Cios 0.1xF For power supply by-passing
Ly 1mH Low pass filter
28 — For switching power supply
Dy Bl —_ Fly Wheel Diode
Note? 1. Il ne oscrllation wccurs. it may be deleted,

® HIGH FREQUENCY DRIVE

PWM

Contral

;UL
9
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HA13406W

Description :

As the output stage is always saturated, the loss is less than
case in the application {1} and the efficiency of the system
may be increased,

In this application, output transistors are saturated or shut
off. Output transistors switch on (saturated} at contral input

External Components

“H", switch off at the state “Lo*, That is, Motor speed can
be controlled by PWM {Pulse Width Modulation)

Frequency range from 1 kHz to 20 kHz is recommended for
the fundamental frequency.

Parts No. Becommended Value Purpose Note
Riore Rine - For Hall elements bias
?w:i‘, ‘R;UT.- Ruos 10Q {1/4W) Er:ahi]ity T 1
Rioe 1k For output stage bias
?mTCI Cios 0.1:F For stability
Cios, Cur 0.1:F ) For power supply by-passing B

Notes! 1. If no oscillation oceurs, it may be deleted
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HA1 3408 @®9-channel Power Driver

HA12408 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 channei is used independently.

EFEATURES
® High output Current {MAX 1.5A/channel}
® High Sustaining Voltage (MIN 50V}
® ow Saturation Voltage
®  ow Supply Current
® Low Input Current (SP-23T)
® Compatible with TTL, LSTTL & 5V-C-MOS
® [ ow Thermal Resistance Package
® With Zener Diode
Il ABSOLUTE MAXIMUM RATINGS (Te=25TC)
Item Symbol Rating Unit Note
Supply Voltage Veer 7.¢ v
Input Voltage Vi Vee v
Qutput Voltage Ve i 50 v
Output Current Io 1.5 A
Power Dissipation Pr 20 W 1
Junction Temperature T 150
Operating Junction Temperature Range T —20 to +125 C
Storage Temperature Range Tos —55 to +125 C

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

#, .= 3CT/W
Fig.1

] K
=
-
g
]
R
z
¥ 435
4 Withoy; Heaysing

u n i L

—20 [ 25 i Ly

Ambient Temperature Ta ' T

[Ed
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HA13408
MELECTRICAL CHARACTERISTICS (Ta=25C, Ve, =5V)
Test ltem Symbol Test Conditions min iyp max Unit Nete
input Low Valtage Vie fce1 = 4.0V - - 9.8 \4
Input High Voltage Vi Veei=6.0V 2.0 -— - v
input Low Current I V=0V —100 | —15 +10 HA
Input High Current Iy Vi=2.4V —-10 bl +10 HA
Supply Current Ieco All V=24V - 30 45 mA
Tee All V=0V - 33 50 mA
Output Cut Off Current lero Voo =6V, Vee:=40V, V=20V — — 1.0 mA
Output Saturation Voltage Vertun Veor =4V, fo+~1.0A, V,=0.8Y - 1.6 2.2 v
Output Sustaining Voltage Ver caen fo=1.0A 50 - — \ 1
Delay Time trin Turn OFF - 1.5 5 Hs
truL Tuen ON - 0.3 5 ks
Notes] 1. The conditions of [oading . Measure a1 Lo=5mH, R:=221.
HBLOCK DIAGRAM
¥rre
Ve 4o 8y Q 24wk
| N A B
E T 1
TRUTH TABLE
Input Qutput
1.0 ON
HI OFF
OPEN OFF
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HA13408

HEPEAK CURRENT AND TURN-OFF TIME

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

Hi

Low

/ ir
Fou 1

Sl

Veeuws [

Veut Veez =

VeEimn

Fig.1

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

IP:fVCCZ_RVCE(m:! (l *e*%h) = V(}}CZ(I —e —%m)

I R )

_L __ IR
] e (1 + VeE s — Vors

Where L. is self-inductance of load and R is direct current
resistance of load,

For example, under the foltowing conditions;

L = 6mH, R = 2202, Supply Voltage Ve, = 24V,
The time to drive load = 0.42ms.

Peak Current [Ip} and sustaining time {tg,.} are obtained as
follows;

Ip = 0.87 (A)

tgug = 0,118 {ms)

where VCElgat) = 1.3V typ. and VoE(sys) = B2V typ.

162

B POWER DISSIPATION
On the other hand, in case of driving inductive load, power
dissipation is determined in the foliowing,

At first, average power dissipation (Pgp} per channel at ton is
obtained as follows;

= Ves Veca 1 LY
Pon= Vetia Ip (R'IP Ton R) (3)

Average power dissipation (Pg,¢) at tg,5

Pous = Vg Iy (lé — Yok = Vecz )

we R R-Ir o4
Where Ip and tg,; are obtained in the equation {1) and (2).
Average power dissipation {P7) per channel for a period is
obtained as follows;
1
Pi= T (Ponston + Psuse baus }

Where drive period is definedas T.

And power dissipation (P7) when driving 9 channels at the
same time;

9
PT=?(Pon'tqn“rpsns‘t.wm) """"""""""" (6)
H APPLICATION
& Dot Printer
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. 1
It 9
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q 1 A
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i\ [E - 11
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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 ciscuit of loads, and is best suited for drivers of sole-
ngid, relay and stepping motors.

HFUNCTIONS

0.6A Quad Driver
With Clamp Dicde
With Chip Enable
With OCSD {Over Current Shutdown)

®
[ ]
[ 2
[ ]
® With Low Voltage Inhibit

B FEATURES

@ High Sustaining Vaitage (50V)
& Low Sawration Voltage

# Compatible with TTL

® lLow Input Current

MABSOLUTE MAXIMUM RATINGS {Ta=25C

[tem Symbol Ratings Einits | Note

Supply Voltage Vi 0.5 to 6 v 1
Input Voltage Viy 0.5 to § v

Output Voltapge Vier 50 | v

Output Current I 0.6 A

Power Dissipation Py 2.0 w 2
Junction - . i o . T
Vemperature ____{ I _| ‘
Operating Junction . N P
Temperature Range T | 40t TS 1 T

Storage : B o
Temperature Range| T | 35 to - 150 i !

Notes: 1, Recommended Operating Voltage
Ver 5V 107 4.5 to 5.5V
2. See the Derating Curve below.
A Soldered on a print circuit board. 4, L 60T W

B : Seldered on a print ¢ircuil convered with copper sufficiently.

{DP-16A)

M PIN ARRANGEMENT

arT it

CLAMP E

el s
ono [ 4
arof s

ozl e

ol AMp E

0eTa [

4| CE
13| GANI
12| GXD
1y Vee
| 183
9] Ind

{Top View]

WBLOCK DIAGRAM

r
Chip Emabtv‘
CE

191 O

'
t
¢
I
|

II\J2®——v

|
|
i
1
I

1N-3Q:9——

B, L EAET W
© @ Soldered on pin 4,3.12, and 13 with an infinity heat sink.
i 18T W
=t kine H5 1227
I .Y
-
£ |
ER
2t
[ 1 ) 1
o - 25 30 ms 150

Ambient Temperature Ta 1700 -

1
1
!
t
1
-1 ()
I
1
I
L

A HITACHI

o

CND GND GND GNp

OUT-3

1
i
i
\

_¢ ouT-4

r |
—@ CLAMP
k|
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HA13415

W ELECTRICAL CHARACTERISTICS (Ta=257C, Vec =5V)

tem Symbel Test Cenditions min typ r max Units | Nate
Supply Current Teo Ei:%“sgz’.ov 62 -2 w0 | :i
Low Level Input Voltage Vi, ¢ — 0.8 v
High Level Input Voltage i’;u 2.0 — - v ) o
Low Level Input Current Irn Vi=0.8V —10 - 100 eA
High Level Input Current Ity Vi—2.0 to 5V -1¢ ; 10 uA
Input Clamp Voltage T Vix | Ik ——1tImA - [C10 ¢ C1s v 1
Lew Level QOutput Voliage Vi fe=0.34 — 9.20 9.4 v
Ie=0.8A 0.40 0.7 i
ﬁz):tpul Lerkage Current Toex Vep =50V 100 1 wA
Iv—0,4A - 1.1 !
Clamp Diode Forward Voltage Ve '
I-—0.8A — 1 13 - |
mn; Diode Reverse Currill"eAnt hi . :VH:E!DV - o 100 A .
[ R1.—56Q for IV - 0.2 s
Ture On & Turn OF Delay for CE — | 04 |
- for IN = 1.0 -
tnidi Ri.—56Q for CF s s
Negative Output Current Test fo——100mA e 7 2
QOutput Short Test V=55V, R.—3.50 -3
Capacitive Load Test - h ¥ “71'777\4’.77}?71 =270, Ce.==0. M1 nF i L4
—goienoid Survival Test V1--32V., Re.==5642, L —250mH I ; 5

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

{1} Vee=5.5V

{2) Set all outputs "ON" with fr -250mA per output, then set ft =—100mA for one output. All remsining outputs shall remain "ON".
(37 Set all outputs "OFF" then set fo=—100mA for one output. Each remaining Qutput shall not conduet more than J0mA.

{4) Perform test for each autput.

3. See Fig. 2.
4. See Fig. 3.
5. See Fig 4.

4.5V

Ve

45 1211

Fig. 1 Input Clamp Voltage

® Measure at pins 9, 10, 14, 15, 16.
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HA13415

\

2.5V

J

-_" T - -
B 34
15
re
W —drE AT o
iims s
e
It W
w4 avT & ¥
T 3.5V ——t
S i f— s
DT 1
45 11
oy

Fig. 2 Output Short Test

@ Each unshorted output small turn ON and remain VT 2w i

QOn with 1C = 300mA per channel,
® Perform test for each output.

CE

Il
o4

(1)

4.9, 12 &

Fig. 3 Capacitive Load Test

® 0CSD shall not become enabled and limit g or disable
the output being tested during the cycling.
® Test each cutput, one ON at a time.

3.5,
Vee
ks CE
% (AN
[T I3

& Li,
S8 2%imbl

T —AAA T

45015

Fig. 4 Solenoid Survival Test

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

Hj

QUT

1%

al'T

\/

\/

AU AN

25V

Lims

lums

iy

(1)

=N

Y
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HA13421A,HA13421AMP eo.n crcer orver

HA13421A and HA1342AMP are monolithic power ICs,
dugl bridge drivers. The maximum driving current and
voltage are 0.33A x 12V per bridge. Therefore, this value
finds best use in the 2 phase bipolar stepping motor driving
to head actuater of 3 to 5% inch FDD.

S FEATURES

330mA Output Current Capability

Dual Bridge Included

With Power Save

Single — Input Direction Control

Low Qutput Saturation Voltage

Low Supply Current

Low Input Current

Compatible with TTL, LSTTL & 5V CMOS
With Thermal Shutdown

M ABSOLUTE MAXIMUM RATINGS (Te=25C)

Item Symbal | HA13421A |HA13421AMP | Unit | Note
Logic Stage Supply
Voltage Vee 7 7 Vi1
Seeking Supply .
Voltage Vs 15 15 v 1
Holding Supply N
Voltage Vs 7 7 Vil
Input Voltage Vi | 0to Voo |0 to Veo
Peak Seeking 1)
Current ipeakl 500 500 mA | 2
Seeking Current{DC) | Jos 330 330 mA L
Holding Current(DC} | for 200 200 mA
Power Dissipation Pr 2.0 1.0 Wl 3
Junction 5 Iy
Temperature T 150 150 ©
Operating Juncticn _ _ .
Temperature Range Tiown|—20to +125—20te +125| T
Storage s _ ) P
Temperature Range T 55to +125|—55t0 +125| T
Notes 1) Recommended Ogerating Valtage
MIN Y] MAX UNIT
Veo 4,5 5.0 5.5 v
Vs 10.2 12.0 13.8 v
Wse 4.5 5.0 5.5 v

2) t=5 ms
3} See the Derating Curve below.
A I Soldered or a print circuit board. (8-, Z60C /W)
B : Soldered on a print circuit covered with copper sufficiently.
18-+ =300 /W)
C . Soldered on pin 4, 5. 12, and 13 with an infinity heat sink.
(&i-a=Z15T /W)
D ; Sokdered on glass epoxy cirenit boad with 10% printing
(8-a 2120 /W)
E : Soldered on glass epoxy eircuit hoad with 30% printing
(6-+=100C /W)
F : Soldered on a metal based circnit boacd (8-: Z80C /W)

HA13421A

[(DP-1B8A}

HA13421 AMP

{MP-18}

AT P G 1
= 2 SOOI <HABRIAME:
T T WS U g
£ £
LB fHALMZIA LE ¥
5.2 5 n
27 £
5.2 22
L& L L 1= T .
—m o % L) 130 U L
Ambient Temporatuee T 1 ¢ Jmbient Temperacure Tn 171
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M PIN ARRANGEMENT

®HAT3421A

Vs2idil E
Ver E

41 Direction II
LRD E

GND E

g2 Direction E
Power Save E
Vol gz) E

Ny

Y| Vil ges

@ HA13421AMP

(Top View)
=3
2

17

= | GND

&1 Qut E
Vsl ) E
Vszigr) E

Veo E
@t Direction E

Eéﬂ # Qut
E] Vil ga)
E] Vsalgel
El Ps

E‘ @2 Direction

O

OGN

[

B

(]

GND E

(Top View)




HA13421A,HA13421AMP
B ELECTRICAL CHARACTERISTICS (Ta=25T, Vce=35V, Vs2=5V, Vs1=12V)
[tem Symbol Test Condition min typ max Unit Note
Input Low Voltage Vir - - 0.8 v
Input High Voltage Viu 2.0 - | - v
’I'r:put Low Current Irs Vi=0.8V — - +10 nA T
Input High Current Iyt Vi=—2v - 1.0 10 rA
Input High Current i ’ 1(’1'—'5‘\74r T — 0.3 1.0 mA
Veo 25 33 mA
PS=0.8V, In—0 Vo - 10 20 mA 1
Vi - 1.0 mA 2
Supply Current . Ver - T 7 oA
PS5 =2V. =0 Vi 2 5 mA 1
Vs - 5 10 ; mA 2
Output TR5 Breakdown Vaoliage BVern Ie=10mA 18 - - v
Vy1 Saturation Voltage Viscao ¢ PS=0.8V, IH=330mA } — 1.5 2.0 v 3
Vs Saturation Voltage Virtean 2 P8=2.0V. /n=130mA ) 1.5 2.0 v 3
Clamp Diode Forward Voltage Ve Ir=330mA Upper 1+ > v
Lower - 1.5 — v,
Delay Time ! i [==330mA 1.0 5 Hs
Delay Time | teme Iu=330mA — 1.¢ 5 HS
Note 1! The specification indicates the sum of Vsiigi) & Vi:lge! current.
Nate 2 The specification indicates the sum of Vieigy) & Viyige! current.
Note 37 The specification indicates the sum of Upper & Lower saluration voltages.
HBLOCK DIAGRAM
Power Save Vel gl Vil Tee Veat e} Vst gzl

@) O

Q

O Q

O

Legie

——Iﬁl\
—

A

<

Logie

Luogic

)
[

Logic

O

$1 Dirgetion L *

GND

G HITACH!

O

¢ Directinn
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HA13421A,HA13421AMP

11 -
H-=High Voltage State {Holding TRS On) $2 OUT 42
1]:

1

P O~

H TRUTH TABLE HAPPLICATION
@ For Each Bridge 2-phase Bipolar Stepping Motor Drive Circuit
Power Save Direction ¢—0Out F—0ut ) 7 S jlﬁ
L L i H' . Eo — 1 04T
o 7 5
L m H* L Ve %3. %) gﬂl
It L L H mo——t—{3] HALHZIA 11
- I
H H H L Vst 00—+ : ”“0,".‘;": .
L —Low Voltage State LH5Y) 5 12 i g
H*=High Voltage State {Seeking TRS On) . [:ﬁ ¢ OUT
7]
Eg

(Top View!

M TIMING CHART

H Sevking r Heluing

53

IR Lk

H i, min
wo L]

O I s B

[ I I ——— e e
B [T R IS W SR RE— [ SO G —————————
[UQUVE | — — e T — e —————— e — — —
Vst
EI—
]
- |
2 Us2
)
Vs
s
o ¥
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HA13426 is a power IC with a speed discriminator for the
three-phase brushless motor driving of 5 %4 inch-HDD (Hard
Disk Drive). [t is possible 10 construct a servo system with
guartz resonator, requiring fewer external components,
Especially EMI noise from motor driver is depressed because
of a veltage drive system.

B FEATURES

Passible to construct a servo system on a single chip

{SP-23T)

Large output current {3A}

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

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

Maximum current at starting is depressed by the builtin
current limiter,

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

B BLOCK DIAGRAM

O
T
L

‘.H
Amp 2
. litucle {
Matris —f Cant :il

raller
— Y]
=

N
il
D Contenl Amp
T30
Zere oross
i Deteetor
0 pulge!
Rion svcled
r Spew]
sz Diserimi
el kT

Integrarse
WO Amp

Mide
Select

{10 Ve
| i3pere
s N

S HITACHI

HPIN ARRANGEMENT

O

O

L I

[Top View!

] U Hall+1n
221U Hall e
E v Hall+1n
7] V Hall -t
:j—j W Hallt 1
T O8] W Hall—In
17 W Cut

16} Open
G v O

11] integratoe Out
% Uit
E‘ Integratar ln
E Current Sense

1] Speed Discei. Out
4 Filter

2] Jmernal Reference
7 GND

B 050 Gu

3 [njertor
2 | START/STOPR

m bee
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HA13426

HABSOLUTE MAXIMUM RATINGS {Tq¢—25C)

Item Symbol| Ratings Unit i Note 2 st
Supply Voltage Voo 15 v 1
Input Voltage Viv 0 to Voo Vi 2 T =
Qutput Current In 3 A = Wi
+ it
Power Dissipation Pr 25 w 3 - Indinity
Heatsink
Junetion Temperature T 150 ©
Operating Junction _ .
Temperature Range ™ Tonn Ato +125 <
Storage Temperature ~
Range | Te 55t +125] T Withou
Heatsink
Note} 1, Recommended operating voltage o . .
Vee =12V £15% {10.2V ta 13.8V) B S T oo
2. Applied 10 Hall Amp, mode select input. . o )
Maximum Input ¥oltage at start/stop is 5V. Ambient Temyerature Tir (1
3. See the derating curve.
B,-e S3T /W
B0 R40T /W
HELECTRICAL CHARACTERISTICS {Ta—=25C, Vcc=12V)
T
Item Symbel Test Condition min typ i max Unit ! Note
Supnly C Isa Si5=2.0V 50 70 mA
v urrent
i I SS=0AV.Ri=Open | — 5 75 | mA
Total -
Tt Shutdown 150 — C
Thermal Shutdown Temperature -
Thy Hysteresis B 20 =1 C
Input Bias Current Tun Yu—6.0V - 2 10 : 17:Y
Hall Amp Input Common Mode Voltage Range Vi 2.0 10 ; v
Voltage Gain Giont 1¢ — . 4B
Quiescent Qutput Voltage Vu 5.3 5.9 6.5 ¢ v
Difference Between Phase Fa ' } - = +0.3 v
Cutput Stage +
Saturation Voltage Verian | fo=2A : - 2.4 3.2 v 1
Output Impedance Rn fn=0.4A 0.2 - Q
Internal Ref. Voltage Veent 3.0 3.2 3.4 v
Control Amp | Voltage Gain (CTL Amp to Cutput! Gern, Z1 4 27 dB
Difference of Gain SGer - - +2 dB
Irput Bias Current In - — +0.1 nA
Integrator Output Voltage Swing A Iu=0‘3m1_\ — 0.7 v
A In=-0.3mA 0.7 - v

Noted 1. Sum of upper and lower TRS saturation voltages
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HA13426
HELECTRICAL CHARACTERISTICS (Te=25T, Vcec=12V)
Item Symbol Test Cendition min typ max Unit Note
Output Voltage Swi Vou Tn=0.3mA 5.8 6.1 v
) atput voltage Swing Vo fo——0.3mA — — 0.2 v
f)!)cetl. . Cutoff Current furs Charge Pump O State [ — | 0.1 A
iscriminator e = —_
Operating Frequency foik 60 — 2560 ¥Hz
B | Count Number - N 1024
Input High Voltage Vru Stop 2.0 — - v
, Input Low Voltage Vit , Start - 0.8 v
Start/Stop - -
Ingut High Cuerent | ve—zav - | -0a5) 05 [ mA
| Input Low Current o It Vi-=(. 8V B 0.2 -05 mA
Current Limiter | Reference Voltage | % 0.52 0.56 0.60 v
1/16 Division Input Voltage R __I B o - 0.8 v
kl/32 Divisien Input Voltage Vioa j Open 1 - 6.3 — v
gl::fct 71/64 Division Tnput Voltage Vi J . . J 1.2 - - v
1/16 Division Inpl_Jt Current_ P i Vin—=0v ~0.63 | -1.3 | mA
1/64 Divisien Input Current AT 1 Vix =12V — 1.0 1.5 mA
Oscillator Operating Frequeney | foe { 8.9 MHz [
H TIMING CHART
v r \ W
1207 120" W
Lt /\—/
BRIV
N Ou
w Out \\L/_\
3.8Y
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HA134286

B EXTERNAL COMPONENTS
1

Parts No.| Recommended Value { Function Note
B 1kQ 1 Hal! Elements Bias 1
Rioz

Rz

Rioa 2.20100.5W: Stability

Rus 1

Ris | 1.8k02 0SC Bias 6
Rwr | 1LokG | Speed Descri bias |
Ruos 4700 Stability 1
Ri, Rz | See Application Integral Constant i

Rs Current Sense 3
e IR ol A
Cioz 0.1«F I Stability 9
Cio |

Cioa 20.10F ‘.‘frlf;i('—ajpassin; R
Cros 10pF | AC Coupling 0SC

Caog, Cina .

Cun 20.01F Stabhility

Cin | 4700pF | Stability e
Ci.Cz | See Application Integral Constant 4
Ca “See Application Filter Constant o
X'tal Res.;natur 5
Notes] 1. Set Rim and Rwz at which outpur voltage of more than 50mVpp is

applied to hall elements.

2. Use Ciot to Cina which cause no 2nd resonance
And connect the middle points of Civt, Cioz and Cis1 to the most
stable one of those of Vie, GND the middle point of coil.
(Requring te vse nun-pelar in case of connecting them to the middie
point of coil.]

3. Quiput current is limited as shown below by RS valve,

[ LSBVIZI%
h R 12
Far example, output current (s limited to 2.55(A1 +10% at  Rs~
0.22Q.

4. Need to use non-pelar as 1o C) and Co.
5. The relationship hetween Crystal Oscillation frequency, fosc and the
wumber of rotation, N is as foilows,
a= B0l
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 fellowing valves by
the voltage applied o Mode Select.

Mode Select [ m
to GND | 1716
Open 1/32
—— 4&1 e

For instance, the relationship between Mode Select
and fnsc to rotate a 4-pole motor at 3600 rpm as
shown below.

‘+l{)g/ Crystal 1 Cr\ﬁtal
i+1%) 1.0k~ 1.8k 47

' 4,700

t (CLramlm

Mode Select Jose IMHz
te GND 1. 95508
T Open 3.93216
te Voo 7.86432

172

6 . Determine external components of Oscillator as shown below in
accordance with the frequency range.

1.0MHz = fosc =4 .0MHz 4. OMHz‘w,'nsc =3. (]MHz

{0

EHOW TO USE THE HA13426/431/432/432MP

1, Selection of Resonator

1.1 in HA13426

The oscillating frequency at
number of motor rotation

synchronous, fpe. and the
N have a relationship shown

below.
60 m-f,
Ne ——2E omb. o (1)
512 p

where, the p is the number of motor poles and m is the divid-
ing ratic of & divider. Forthe 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 Vee 1/64

Far example, the values of fgog, to rotate 4-pales motor with
3600 rpm are;

Mode Select fose IMHzZ)
to GND 1.96608
Open 3.93216
10 Vo 7.86432

1.2 In HA13431/432/432MP
The osciltating frequency at synchronous, foee and the FG
frequency, FFg have a relationship shown below.

m-f,
.05 _ (2)

fre= —850_
FG = 024

where, m is the dividing ratio of a divider and takes one of
the following values according to the appiied voltage at the
mode select pin.

Mode Select m
to GND 1

Open 1/2

toVeo . /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. t is the block diagram showing motor speed control by

the HAT3426/431/432/432MP. The part enclosed by dotted

lines denotes the 1G, and the G, {S) and the G, (S) indicate

the transfer functions of an integrator and from control amp

to output, respectively. Since these IC’s are driven by voit-

age, items of the motor coil impedance and the kick-back

voltage are cantained in the laop.

K| rpsm TiK)
J Nu

[
Tarutc

Fig. 1 Block Diagram

Kj = Transfer constant, 9.55

KT = Torgue constant (kgecm/A)

Kg = Kick-pack constant {V/rpm}

Ky = Speed discriminator gain (V/%)

J = Moment of inertia (kg+-cm=sec?)

Zm({8) = Motor coil impedance (§2)

G, {8) = Transfer function of an integrator

G, {8} = Transfer function from contral amp to output
No = Standard number of rotation

2.2 Resolution
in the Fig. 1, when

K M0 (9
A(S) 05 No (3)
arai— _ K7 Iy CKENoL e
BUS)= G (KrGi(s) Ge(S) -" (4

Load
Torque
{kg-cmi

% Error (%!

Fig. 2

-
Erenr 141

On the other hand, the Zm(8), G,{S) and G,(S) are ex-
pressed as follows;

EnlS)=Ru(1+ 58 wm] -soemrermessss (5}
Glf\s)..,%% ............................. (6}
G2 8 ):,1,, ETST’H; .................................... (7
Then,

T S—— (8
o Clez ............................................. (9}
W= Clez ............................................. (10)
i _:?IR? ............................................. (1)

The Gerand the R, are the internal constant of IC's,
Substituting the equations (5) to (11), to the equation (4},
Bisl) is;

81S)- Kr ( ReKy Gere {1+ we/S)  KeNoy
' Rull+& cm! VRU1+8/ w11 FS/wz) 100 /
_ ReKrKvGeri. 1+uz/S
RiRn 1+5 om {1+ 8 an 11+ 8 ws )
................................................... {12}

= ReKv Gers b KnNo)
’ R 100
To control speed with stability, A{S} and 8(8} are required to
have a relationship shown in Fig. 3. That is, the angular
frequency of the cross point of A{S) and BIS), w, should be
put between the angular frequency of an integrator, w, and
w,.

L] o

U
Phase margin

A8 )RS g e em !

1 1 |

1
i 16 10K 1,000

w iradfvec!

Fig. 3 Stable Relationship of A{S) and S3(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 wr or the
angular frequency of FG, wsg which is the lower. In
HA13426, the angular frequency of the hall signal is used
for wiGg, and the w, is the value of 1/30 to 1/100 of the
wEG"

{2} Calculating the Ao
From the equation (3)

— K 100 e,
Ar="F s No (13)
{3} Designing R, and R,
From tha Fig. 3 and the equation {12},
& — R s {14

R K7-Kv.Gere- Ao
Each IC is designed to take the following Kv and GoTL.

Type Kv {V/%) GprLIviv)
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
w2 3we
w2 S wo/3
wy = Jaw
(5) Designing C,, C,, C,
From the equations {9), {10), (11},
Cr==1/wt R2
Cs-=1/w2R2
Cs=1/wiR3
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
QSC input pin. But, applying too large input causes the miss-
operation of 1C’s, the following resistor, Bs must be con-
nected in series to control the current,

{1} In HA13426

Rs=2.5(Viu—1.4)-1.5
Rs=7.5(1.4—ViL)~1.5

(k)
(k&)
A speeding-up capacitor parallel to Rs should be con

sidered.
{2} In HA13431/432/432MP

Rs23.7(Viy—1.7)-2
Rs=1.001.7—ViL}—2 (k)
Then, the input current Iy and Iy are restricted as

follows and the external clock must have larger driving
capacity.

—Vu—l.4
Tin= R. R, (mA)
1.4— Vi
Irn=—"2— (mA}
174 R.+ R,

where, the Ri is the input resistance of the OSC and is
1.5k ohms in HA13426 or 2k ohms in the others.

External Clark

Vi fn;
| l put
s
Vi

100gF

asc

Cutput

Fig. 4 Providing External Clock

4, Producing the Ready Signal

As shown in the Fig. 5, external compatator 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 cutput type comparators are recommended.

+5V

glm
o

Ready Signal
Uk

HAI790378

10k Zhms

[rtegrator
Outpur

Fig. 5 Producing the Ready Signal
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hase Motor Driver with Speed Discriminator

HA13431 is a monolithic power IC with a speed discri-
minator for the three-phase brushless DC moator 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.

MFEATURES

® Possible 1o 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 conventicnally.

® The Enable terminal of TTL level is attached, and the
current at the stop maode 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

H BLOCK DIAGRAM

(SP-23T)

R

tpul

Tieude
Com
rollpr

3

[ m)
Ylpen © Srap

Cenx
gt

Spawl
Tisetim 1o

nacer

Inepranar

S A I

T I if—l
. e I
lopen 12 s Ll
Lo XD IS
HABSOLUTE MAXIMUM RATINGS (Ta=257 1
Item Symbol | Ratings [ Unit | Note
Supply Voltage Voo 2 |V |1
Input Voltage Vi 0 1o Vit v ooz
Outpat Peak Carrent  [oipeak| 15 . A |
Output Current I L.0 Y
Power Dissipation  |Pr | 10 | W | 3
unction Temperatwre [T, |10 T
Qpeming Jongion [T o v
Storage Temperature Range |T.. J 55 to +]25) T

Notes! 1. Recommended operating veltage
Vin ~ 12V 415%:110.2V to 13,8V
2. Applied to Hall Amp, start stop and mode select input.
3. Sec the deraling curve,
4, 23U W
B . 20T W

Power Dissipation Pr (W

@ HITACHI

B PIN ARRANGEMENT

e 1 5 U Hall -
12 72) [: Hall-
B0 v Mall -

[T20) ¥ tall—
O [T5] W Hall+
|_TH] W Hall-

17 W Oue

[ "1) Filer

5 ¥ Out

[17) Currem Sensie:
] Uom

17 ver

[31]  Integrator U

Tt 0SC Cha

] Integrator 1n

K] OSC

(] Speed Discri.

’%} GND

5 Mande Select
? Injeetor

T]  Enable

FOG Ampt[n
5 FG Amp—Tn

O

e

(Top View!

120
19
With
5 Infinicy
125 Heatsink
Without
Heatsink
(H 1 i, L
—20 [ 23 100 150

Ambient Temperature Ta [T}

175



HA13431

MELECTRICAL CHARACTERISTICS (Te=25T, Vec=I12V)

Item i Symbol Test Condition min typ max Unit Note
) c iI Enable—2.0V - 6.2| 0.5 mA
Qulescent Current [ | Enable=0.3V.R:i0pen | - 2] 3| wA
i W Shutd Volt 15 16 17 v
TFotal Over Voltage Shutdown W aldown Yemet 4Ll b L YL
Vi Hysieresis 0.5 o8| 1.2 v )
| 1 T'.: Shutdown — 150 — C
Thermal Shutdown B E i e T E L it E
Tp,,,. Hysteresis ' = 25 - C
Input Bias Current [ T Vi —6.0V ! - 1.0 3 nA
Hall Amp Input Common Mode Vcltage Range [y : 1.5 —| 10.5 v
Voltage Gain TGew ! — 10 — 4B
Qulescent Output Voltage l_l.’q ! 5.1 5.7 6.3 v
Dxfference of Qulescen: Vultage | A Ve <T — - |x0.3 v
Output Stage
Saturation Voltage Verwen | To=0.TA - 20| 2.8 v 1
Output Impedanre Ro {0=0.2A — 0.3 - Q
Internal Ref Voltage Vier B 3.15 v
Contrel Amp antage 9""’, (CTL Amp to Output] Geri ) — 24 - dB
Difference of Gain AGers — — *2Z dB
Internal Ref. Voltage Vierz — 2.5 - v
Input Bias Current Int - | &0.1 A
Integrator o Val Swi | A Tu=+0.25mA - 1.2 — v I
tput t 3
tpat Totlage Swing (A Tu— ~.25mA BRI v |
Unity Gain Band Width [ BW Bu—0dB — 0.3] — [ MHz |
Injection Voltage v, {j=6mA - 0.9 | | v 1
| Output Higk Voltage Von | In—0.25mA sa | 47— v T
]SJ?eEd, . Output Low Voltage Vor. i --—D QSmA : 0.1 0.2 v !
1scriminator — e e e N _—
Cutoff Current Logr Charge Pump Of‘f State - — +0. uh
L
Count Number :
Input H]gh V ltage Vin Stop
Input Lew Vollage Vie Start
Enable e e
Iaput High Current R i VH;Z.GV
Input Low Current : U1y D =08V
Current Limiter | Reference Voltage | Viers |
FG A_mp_ ) Iaput Voltage o 3 ] V(\'[Hm 1 f—200Hz
0SC Oscﬂ]atwn Frequency |
Neo Division Input Voltage T Vg ) :
1/2 Division Input Voltage Vi | Open |
Mode Select l,d. leston Input Voltage Vg 1 \‘
No Division Input Current I Viv=0V I - 0 mA
1/4 Division Input Current Ly Vin=12V | 0 mA

Note 1) Sum of upper and lower TRS saturabion voltages.
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HA13431
HEXTERNAL COMPONENTS
Parts No. Recommended Value Function Note

R, Rz - Hall Elements Bias 1

Runs, Riow, R T ._2.2.(,2 T Stability
TR T Current Sense 3

Ri. R See Application | Integral Constam | 4
Cew G Gn | wwk | Swww | e

Cin =0.10F ) Veo By —passing 1

Cron 104#F | AC Coupling FG |
e 47pF ‘ AC Coupling 0SC :

e T el T Seability 77ﬁ R
G G o | mewE T Saibw [
i Cs See Application Integral Constant ;4
Ca See Application Filter Constant 1
Yt B " See Aaaiicat_ion T T T T Resonater 7‘T_ 4

Notes 11 Set fia and Rur: at which output voltage of 30 to 100mVpp.
| which cause no 2nd resonance.

2] Use €on o &

3) Output current is limited as shaown below by Rs value.

fama -

41 See HA13426.

Vi o
.

HETIMING CHART

Hal: Amp:

1t
s 1

3ot
‘min 1

Wik
pin 1T

1A [T (K5

O HITACHI
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M1 3_4'3 2 ’ HAJ34§ 2 M P @ Three-phase Motor Driver with Speed Discriminator

HA13432 and HA13432MP are maonolithic power |Cs with a
speed discriminator for the threephase brushless DC motor
driving of micro or compact FOD. It is possible to construct
a servo system with quartz aor 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 digitaf serve system

@® The voltage drive system {not supply voltage control)
achieves almast no spike voltage at commutating, caused
EMI {Electro-Magnetic Interference) 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 B ceramic resonator is per-
mitted because of frequency divider,

B PIN ARRANGEMENT

® HA13432
Square Wave Ont [T] ] L Hal
FG Amp ~In [Z] 1Z3) U Hall -
FiG Amp +In [T} {75) ¢ Han +
tnable 1 (] 71] & Hatt -
Enable 2 5] [0 W Hall +
Mode Select [ [19]) W Ha —

T
AlGND
B

18] Fier

08¢ In [2] [IT] W Ouc
Speed Diseri, Oat [ [T6] Cuerent Sense
Titegrator In [10] [5] v Oue
Imegrater Ou [T [T L O
Vee [1I2] [73] Tniecior
[Top View!
Enabie Hi Open Lo
1 Stop Stop Start
2 Start Stop Stop

HA13432
{DP-24TS}
HA13432M 1
{MP-28)
@ HA13432MP
= H
= 2 # G
-~ - = o = <
[T [ (L[
. Enable |
et Tl bt
LH e - S
Imegrasr In [ | 122 FG Amp -1y
Imegratar (ut E E TG Amp —in
fie [T} (27 Sauare Ware Ou
tnjecor {8 | (0] Uil +
1 o (9] 20] 1! Hal -
v ou [1e) 19] v Hal: 4
Cuerem Sense [11] 7] V Hal
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HA13432,HA13432MP
O v
,L Cin 2
HEBLOCK DIAGRAM |
ooy 2 /L h—y
00 <
- Ot
— L
O 2 -
Amplicude Cion
() Coniroller : .
Naris -1
| H
. [
P O |
i
ta Tt
Fuable ¢
oS —|>0— Caren imier
WHi L Open -smu] j
) .
3
D Coaral Anig
{
=D
FornLrss
H Dewcron
I pulsedeyele
Syuare Waye Out . ﬁ:‘:l;'lymiumn }
¥l 85 Frey, Divider Imeerator
0P amp)
Y >— *
i w A )
Male Lt o i
Sect S W —
1
e Lee 144
Den :wJ —]
o GND 114 )
B ABSOLUTE MAXIMUM RATINGS (T:=25C )
Item Symbol HA13432 HA13432MP '+ Unit Note
Supply Voltage Ve 20 v 1
Input Voltage Vin 0 to Vi v 2
Output Peak Current forspents 0.75 A
Output Current in 0.5 0.5 A
Power Disdipation P 2.5 i.5 w 3
Junction Temperature T, 150 150 T
Operating Junction Temperature Range Tun —20 te 125 —20 to +125 T
Storage Temperature Range T —55 to +125 —55 te +125 ©

Notes? 1. Recommended operating voltage

Voo =12V £15% 110.2 to 13,8V

2. Applied to Hall Amp, start'stop and mode select input

The right below figure shaws the relationship between Py and 7. ithe derating curve! in the case that

150

3. See the derating curves.
base substrate,
BHA13432
Iy it
)
ik With
i Infinity
" Withent Heatsink
Hewsink

.

K=

L

a
u it L I
=¥ fn g

Arhient Tempevature Ja TS

W HA13432MP

@ HITACHI

Power Dissipation &7 (W

HAL3432MP is mounted on the

surface of a metal

With

' Infinity
Heatsink
U N 1 1
200y 2 100 150
Ambient Temperawre Ta (T 179



HA13432,HA13432MP

HELECTRICAL CHARACTERISTICS (Te=25C, Vec=12V)

[tem ISymlm] Test Condition min typ | max Unit Note
Enable 1 & 2 Open: - 0.2, 05| ma
Quiescent Current fu Enable 1==0.8V ~ .
Ri. Open — 19 24 mA
Vet Shutdown Voltage 15 16 17 v
Total Over Voltage Shutdown - :
Vige Hysieresis 0.5 0.8. 1.2 v
i Tt Shutdown - 1500 - T
Thermal Shutdown S v e e ——
Thpe Hysteresis — 25 — T
Input Bias Current Inn V=60V 1.0 5 A
Hail Amp Input Common Mode Voltage Range Vir 1.5 - 10.5 v
Voltage Gain | Gra — 10 — ' 4B
Quieseent Output Voltage Vo 5.1 5.7 6.3 v
Difference of Quiescent Voltage Vo : — - *0.3 v
Cutput Stage - - + :
Saturation Voltage Verican | In=0.35A 2.0 2.8 vV *
Output [mpedance Ko Tn=0.1A — 0.45 — Q
Internal Ref. Voltage Vakr1 - 3.15 - v
Conirel Amp Voltage Gain (CTL Amp to Output! G P15 18 21 dB
Difference of Gain G - - x2 ! 4B
Internal Ref. Voltage Vaers 2.5 — v
Input Bias Current fur - -] *0.1 A
Integrator A In—+0.25mA - 1.3 —
g Output Voltage Swing 2 i m \
A fu— -0.25mA - .65 .
Unity Gain Band Width BW Gr=0dB 0.3 . MHz
Injection Voltage ¥, {=6mA - 0,9 . - ‘. '
: Output High Voltage Vo fo—=0.25mA 4.4 4.7 v
Speed Output Low Voltage Voo | Io-—0.25mA TR
iscriminator
Cutoff Current 1T Charge Pump Off State - - - +0.1 A
Count Number 1024 :
Input High Voltage Vin 2.0 - - v
Input Low. Voltage Vin. - 0.8 v
. | Enable 1 L1 sl
Enable Input High Current Tt Va=2.0V | - - | e - —_—
: Enable 2 - 50 120 HA
: . Enable 1 - =10 A
Input Low Current I T2 V=08V [— B
{ Enable 2 - +40 ¢ A
Current Limiter | Reference Voltage UV 0,36 4.4 0.44 vV
FG Amp Input Voltage ( Veerrn | f—200Hz 2.0 - 20 | mVpp
0SC Oscillation Frequency Fowr 0.1 1.0 MHz
No Division Input Voltage Vi . - 0.8 v
1“2 Division Input Voltage T Open : 6.3 v
Mode Select 1 ‘4 Division Input Voltage s Vi 10 - - \
Ne Divisien Input Current | I Vi =0V - I 1.0 mA
174 Division Input Current i Vi —12V - - 1.0 mA 1

Note * 1 Sum of upper and lower TRS saturation voliages
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HA13432,HA13432MP
M External Components
Parts No, Recommended Value Function Note
Rao1, Rio — Hall Elements Bias 1
Rioz, Rics, Rios 220 Stability
R — Current Sense 3
R, Re See Application Integral Constant 4
Cim, Cioz, Cros 0.14F Stability 2
Cios ={,1uF Vec By-passing
Cies 10.F AC Coupling FG
Cios 47pF AC Coupling OSC
Cioz 0uF Stability
Cins, Cro9, C110 20.01F Stability
Ci, G2 See Application Integral Constant 4
Cs See Application Filter Constant 4
e — - S UY W—
X tal See Application [Resonator 4
Note 3. Set Rwi and Riez at which output voltage of 30 to 100 mVpp
Note 2. Use Cior to Cioz which cause no 2nd resonance.
Note 3. Qutput current is limited as shown below by Rs value.
I limit — VI“{;”
Note d  Sec HA13426.
B TIMING CHART
T v W
. m
gl ]
(£l 120" 12
LIV
Ve
sVl
W Gut \
5.7V
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Hc16701 @ Thermal Head Drivec

HC16701 has a function of serial-in-paraitel-out plus 32ch has a capability of driving large current. HC16701 is suitable
driver, bi-directional shift register, two stage latches, strobe for applications of thermal head driver and LED display
gate and large current driver. driver,

Logic circuits are composed of IIL and output 32ch driver

HMFEATURES

® Each driver of built-in 32ch drivers {NPN Open Collector) L]
has a capability of driving 70mA.

® Enable 1o shift the shift register in right and ieft 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.

HMELOCK DIAGRAM

Enable to prohibit driver output by Ois terminal.
Awvailable with prohibition against driver output at power
"ON",

Built-in D-F/F for selecting chip is available with the
application of chip selector in the system of using some
HC16701 I1C's.

@ L 'H
Qout
q

Bs B Bz
U CLK U CLK D ClK
11 I | Y
T 1 1
q o L} ¢

Ay i A
CLK LK D CLk O
i

& & 2

b S 51
CLK CLX CLX

1 ]| |

EMAXIMUM RATINGS (Te=+25C!

Item Sxmbol Rating Unit Remarks

Supply Voltage Ver 7 v

Output Sink Current Toe 100 mA 1
Output Terminal Veltage Vou +25 v 2
Power Dissipation Pe Ty ma:=126C

Ovperating Temperature Range - Te o —20 to +70 'C

Operating Junction Temperature Range T —20 to +100 %

Storage Temperature Range Tsra —35 to +125 C

Notest 1. Applied to output driver terminal Qo to @1 when outpul driver transister "ON".
2. Applied to output driver terminal Qu to &3, when cutpst driver terminal "OFF",
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HC16701
BELECTRICAL CHARACTERISTICS (T, =-125C)
Item Symbal Test Condition min yp max Unit ?ES;T::::
Operating Supply Voltage Vi Ver=5.0V, Driver:ON Duty 50% 4.5 5.0 5.5 v Vie
Quiescent Current Tee Voo —5.0V, Driver : ON Duty 50% — 120 16¢ mA Vie
Iinj Operating Voltage ;Note 5 Vi 3.0 — Ve v Ly
Injection Current Iia ¥ee=5.0V V.. —5.0V — 30 — mA Lo
Input High Voltage 1 Vint Ver=5.0V 3.0 — — VoS PWC. Cr G
Input High Voltage 2 Visz Ver=5.0V 2.5 — — ¥V | Ce.In1u. DATA
Input High Voltage 3 Viss Vie=5.0V 3.0 - — vV | D.RL
Input Low Voliage 1 ¥rou Vee=5.0V — — 0.3 v S PWC.Cy, Ce
Input Low Voltage 2 Vir: Vee=5.0V — — 0.8 V| Cs In 1 DATA
Input Low Voltage 3 Vies Ver =5.0V — - 0.8 v D..RL
Input High Current 1 T Ver=5.0V,Cx - Ty =Iu =5 0V — — 150 A Lo KW 1T}
Input High Current 2 Irwe Vee=5.0V DATA 3.0V — — 150 HA DATA
Input High Current 3 Ias Yee=5.0V I.. -~ 3.5V — — 150 HA D..
Input High Current 4 Tins Vee=5.0V R'L 3.5V — — 150 MA R-L
Input High Current 5 Irs Voe=5.0V, 8 - PWC=Co G 15¥ — 120 180 BA | S PWC.C, G
Input Low Current 1 I Vee=8.8Y, o - Iy =1 - GND 600 | --400 — uh [ Cs 10
Input [.ow Current 2 Iz Vee=5.5V, DATA GND —600 | —400 — A DATA
Input Low Current 3 s Vee=5.5V, D.. R L ~GND -20 - — pA Di..R‘L
Input Low Current 4 Irie Fee=5.5V. S - PWC = Cp=C =GND —20 — — A S, PWC, (., Cx
Qutput Low Voltage 1 (Note 1} Ve Vee=5.0V, 1y, - 10mA — — 0.3 v Qu to @
Output Low Voltage 2 {Note 2) Vi Vee=5.0V, fui=0.6mA — — 0.5 AS Qe
Output Low Voltage 3 {Note 2) Vors Yee=5.0V, [, =1.2mA - 0.6 ¥ iDum
Output Current 1 (Note 3} Loni Ver=4.5V, D 2.7V 300 500 — puA | Do
Output Current 2 {Note 3] Tz Vee=4.5V, Quu - 2.7V 150 250 — HA Q.
Qutput Leak Current (Note 4} Tt Ver=5.5V, Qu to Qu ~-23V — — 500 zA | Qu te Qu
Notes 1. When setting the measurig output driver transistor “ON™ and other thirty one output drover transistors “OFF”
2. When setting the state of ourput “1OWT
3. When setting the state of nutput “HIGH".
4. When output transistor is "ORFF",
5. Linj is pin for OL logic power supply.
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HC16701

B PACKAGE {the chip product for sale)

® Chip size; 5.5 x 3.7mm

® The number of pads; 56 pcs. (output driver; 32 pes. Vec;
3 pcs. GND; 8 pes. others; 13 pes.)

® Pad Arrangement; See the following figure. {an outline)

3.imm

= — Qs ———)

Qutput Urivers

/u..csma 7 UND padst

5.5m

/[Incind.ﬂd Voo 3 and GND 1 pads)

[/O Interface

EDICE DIMENSION

1550 171s 2S5 2680 3085 M25 3765 ALs MES
Origint0,0) 135 .
1180 15|3u 1990 24;70 zalgu :z!ss 3595 | 3985 | 43I5 u,!s.s 5360
138 s sl lea M el salna S nnRnatanlnelwnal suBenlue] ue|welsa SN .
” s L] e | B -y o pss] e L L R s L)
N Q20 G2l Q72 23 ONDZ Q25 Q25 Qb Q27 Q28 Q2o Q30 Q31 Ve €1 PWCCh Dout
ws 1 -ws oNpe o -HH-0
523 —HL - onbe
1 E‘wE}-—Gnn
o5 —H a7
sss—EEF-Q16 I

gt -FFH- 550
ISSUﬁ‘E}(}ND\'ﬁ 3700
Vcr‘Ea'-—-ZISI)

2835 l"J Q1s
3005 £3-aie vinj w050
nrs—H13 orme . H—3200
; - RO
sas—{ T @is oo @ WYy @ ¢ ow o @®a g, Dis o
1oy 3315 —H iz I calowt soluntvalneNsoBenTsaealaatselvninelve SONIE e Mmal
: T e L T T E E T e T 2% I
| I | T |
135 1180 ] 1530 | wen | zzrs | zrew | aoes | sie | airs 1275 5100 5365
1350 1716 2065 2490 4900 3240 3580 480 e am
0548
Unit: um
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HC16701

W INPUT INTERFACE CIRCWUIT

oCs L, 1w
Ve

®5:,C:,Cr,PWC

e Vi o——N\—s
[0 --- 1L Iverter
®DATA ®R/L,D.
Ve Vee
Vis
Viy
BOUTPUT INTERFACE CIRCIAT
oD, Qou Q.G
Voo
——
P Yoo
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HA1 6628P @ 5-bit D/A Converter and Position Amplifier

The HA16628P is 2 monalithic integrated ecircuit designed for
use with the HA16629P to DC motor positioning system for
applications such as carriage/daisy-wheel position Control in
Typewrites,

WFUNCTIONS

@ 5 bit D/A Converter
@® Error Amplifier
® Position Amptifier

BFEATURES

® Single Supply Voltage 10V DC to 20V DC
® Compatible with TTL, LSTTL & C-MOS
® Low Input Current {D/A Converter}

HABSOLUTE MAXIMUM RATINGS (Ta=25C)

(DP-16)

Ttem Symhol Rating Unit Note
Supply Voltage Vee 20 v
Commen Voltage Ve . 0.55Vcc v
Power Dissipation Pr 450 | mw
Tnput Voltage ¥y [ v 1
Quiput Current Io +5 mA 2
Operating Temperature Range | Ti- 0t +70 T
Sterage Temperature Range Tors —50 te +125 T

Notes' 1. Apply to DA, ~DA,. Sign, KENABLE, STROBE
2. Apply to Pas-Ou, ERR-Out

B BLOCK DIAGRAM

Da-In DA-{hue

® O

Enable @

b @ * _@ ERR- Oyt
DA3 @ BiA ,]:,:;r};irufner
paz (¥ Conv-
bl @ ereer
oA (5
Sign @

——(0) Bos-ln

Pogition
Amplifier

Strabe @ |

Yo Va uNp
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M PIN ARRANGEMENT

h—y

Enable E 16 | Vir
DAQE i%] DA-In
DAy E E Vi
DAZ E 3] DA-Ow
Al E E ERR-tut
D E l__l—l PUS - Dt
Sign [: E POS-in
GND E 3 Strahe

i Top View!




HA16628P
MELECTRICAL CHARACTERISTICS (Ta=25C, Vec=12V, Ve=5V)
Ttem Symbol Test Conditions min typ max | ¥ Unit
Supply Voltage Vee 10 — 20 A
Supply Current fec No Loads - — 10 mA
Supply Current of Vi (Pin 14} la No Loads — - 1 ma
®D/A Converter
Tiem Symbol Test Conditions min typ max Unit
Current Reference Input Range (Pin L5} | foarw all inputs "L, 0.3 — 1 mA
Current Reference Off-set Voltage {(Pin 15 to 14) | Vi Foarv=0.3 10 0.7TmA —-20 — 20 mV
Output Current Toaow 11 54 =0.516mA, Sign+ H_ Cther input allTl._ 0.96] 0.98 1.00] mA
Tpami i1y fos,a=0.516mA, Sign= L_ Other input all L. -1.00; —0.98 | —0.96 mA
Toaow 3 Sign="1.. Enable="{., Other input ait H_ -1 — P KA
Output Current {Output Offset Current) . .
Fohout 11 Sign="H, Enable="L, Other input all'H, -1 —_— i A
Low Level Input Voltage (Digital Tsputs) Vic — — 0.8 v
High Level [nput Voliage (Digital [nputs) Via 2.0 — — v
Low Level Input Current (Digital Inputs) I Vi =0V -1 — — | HA
High Level Input Curreat (Digital Inputs) Ly Vig=5V — — 20| A
®Error Amplifier
Item Symbo! Test Condilions min typ max Unit
Enput Offset Voltage Viu All inputs "H, DA-out tc ERR-out -5 - 5| mV
Output Voltage Swing Vour lenpume=1mA Ve—3.3] — Va+3.3 A
® Position Amplifier
ltem Symbol Test Conditions min typ max I Unit
Eow Level Input Voltage {Pin 9) Vi - - 0.8 v
High Level Input Voltage {Pin 9! Via | 2.0 — — A
Veaun Strobe = "L, POS-IN to I’08.0ut -6 - 10 mV
Input Offset Voltage
Vioa: Strobe="H_ -10| — 10] mv
Input Bias Current (Fin 10) Ira Strobe='L B | R— —| &a
Qutput Voltage Swing Ve Tpos. wi=1mA, Strohe="1.. Va—3.3 — Va+3.3 v

HMD/A CONVERTER LOGIC FUNCTION

Digital word
Sign DA4 DA3 DA2 DAL FA0 | ENABLE Commands
* * * * * * H DAout="Zero
* H H H H T ?_ I DAocut=Zero
L H H H H I L DAout =+min
L I L I L L DAocut =+ max
H H H H L L DAout=—min
H L i L L L DAout= —max

Notes! % —indilferent L —Low leveli H-—High level
+min, +max=Source Current
—min, —max=Sink Current
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HA1 6629P @ Tachometer Converter (F/V Converter}

‘

The HA16629P is a monolithic integrated circuit designed for
use with the HA16628P to DC maotor positioning System for
applications such as carriage/daisy-wheel position control in

Typewrites.

M FUNCTIONS

® Tacho Voltage Generator {F/V converter)

® Reference Voltage Generator
@ Position pulse Generator

B FEATURES

® Single Supply Volitage 10V DC to 20V DC
® Pasition pulse output is open collector

BWABSOLUTE MAXIMUM RATINGS (Ta=25C}

(DP-16})

HPIN ARRANGEMENT

n Item Symboel Rating Note Y

Supply Voltage Vee 20 v Ve E 18] Vec
Comman Voltage Vs 0.56Vec v Beos E 15 Dein
Input Voltage | Pin 4,10, 13,14} Vi Vee v Bsin E E Esin
Input Voltage ' Pin 6,7} Vi, Vs£5s v

Output Voitage | Pir 11,12,15) Vour 20 Vv D E E Feos
Qutput Current (Pin 11,12,15] Tt 13 5 ma Tacho E E Does
Output Current (Pin 2,3,5! Tous 22 +1 mA Meas E Il:l Dinx
Output Current | Pin 9} Lot i3y -1.5 mA Msin E E Einx
Power Dissipation Pr 450 miV GND E E Vrer
Operating Temperature Range Topr 0 to +70 °C

Storage Temperature Range Tire —50 10 +125 C {Tap View)

HEBLOCK DIAGRAM

Vee

GND

© ©
s

Einx @ Cl %Cnmparnars

with

l/-—_'@ Dinx
I'L')’

. Hysteresis -—@ Dsin
ziin (D 2 H

Ecos (13 = @

Al

D Amplsfrers |

———E) Deas
%

D O

+ () Vaer
Relerence
Generator
“:’T O Bsin
m}c {2) Beas

msin T+
Meas (8)—

L—(5) Tacko
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HA16629P
MELECTRICAL CHARACTERISTICS {Ta=25C, Vec=12V, V5=5V}
Ttem Symbol Test Conditions min typ min Unit
Supply Voliage Vee 10 — 20 v
Supply Current Icc no Loads - - 20 mA
Supply Current of Vs {Pin 1 Is no Loads I -2 - F4 mA
®@Comparalors with Hysteresis (C\,C: and Ci)
Item Symbol Test Conditions mir typ min Unit
Input Bias Current Iis Veinx = Vegn™ Vecos — BV -2 — — HA
C. [Pin 10) 7.2 7.5 7.8 \Y
Input 'H. Level Thresheld Valtage Vruu
Ce, Co iPin 14,13} 5.1 5.3 5.5
; C: 5.7 6.0 6.3
Input "L, Level Thresheld Voltage Vras
C.. G 4.5 4.7 4.9
Output 'L, Level Voltage Vor Toc=2.5mA — — 0.4
Output Leak Current Tou Voy—= 8V — — 2 #A
e Amplifiers (A, —A., A; and —A;)
Ttem Symbol Test Conditions min yp max Uhit
[nput "L, Level Voltage (Pin 4} Vie — el 0.8 v
Input "H. l.evel Voltage [Pin 4} Vi 2.4 — - v
Common Mode Input Voltage Range Vew Vax2.5 — | V3.5 v
OQutput Offset Voltage (A and A:) Vas: v: D=1 —30 —_ 30 mV
Qutput Offset Voltage ' - A) and —A;! Vus. D.x=H —580 — 50 mV
Voltage gain (A and A.! Ave: . D=L — 1 —| VAV
Voltage gain ' — A, and —A.! Avp,-» D= — —1 - V/V
Output Voltage Swing Vi Vg—3.3 — {V¥p+3.3 v
®Reference Generator
Item Symbal Test Conditions min typ max Unit
Vs fogs= —0,.5mA, Note (1) 7.5 8.0 8.5 v
DC Reference Veltage ! Pin 9
| Vaese fress ~0.5mA Note 12) 6.7 7.5 8.3 v
Note {1 Naote 12)
Test Conditions Test Conditions
No. Unit No, Lnit
B sin F cos E sin F eos
1 Vo 3 Ve 1 Vo+3 v Voo
i2
2 ook 3 Ve 2 Ve Ve t3 Voe
Sz
Va=5 \
3 Vi— ”Zi v Vo v
4 Vi - “_‘:;: ¥e— v—z_' Vi
a=8 V
189
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HA16629P

®F/V Converter

ftem Symbol Test Conditions min typ max Unit
Input Bias Current Lis Vit con= Vit e =5V — 5 15 A
DG Output Voltage (Pin 5) Vracwo Note (1} 1.5 - 2.0 Voe
Vracho: Note (2} 8.0 — 8.5 Voc
Output Voltage Swing Voot Ve—13.3 - Vs+3.3 v
Output Offset Voltage i Pin 5} Vie Maun=M s=Vz —80 — &0 mV
No. T | Esin | Ecos | Msin | M cos
1 Vi Vu v Vo
\ 2 Vi Ve V. v .
Note (1) 3 n " v v Ve =Ve+1 ¢ Vfl
Vi Ve—1 (V)
4 Ve Vi V. V. L6
5 Vi Vi Vo Vi = Vet il iV
Note (2) 8 o iz v v L6
7 A Ve V. v Vo Ve V)
8 Vi ¥ Vo v Va=5 i V)
H WAVEFORMS

e Clock Wise Direction

A VAVAVA Y
oo _\/\/\/\— "

Dsn | I | I | | .
—————— £V

iR

(K1Y

NN\
e

Main _J'\/\/\/\/I_ v
Muos W .

4 b ;
Vaer . \, \,Xu’\r o \J \/5\ RS "\:xv\v\\ _____ Vu
Esin Ecas
w Esin y
(M“’s IEsin IJ {M“"x! o)
TACHO NG 00000 8 A Ve
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HA16629P
S APPLICATION
Vee Ve GNDY
HA L6291
Einx {10 f"b k : bins
Comparann wih ]ﬁ
Howsterests
) u
From - ®_ i e~ [ _<_) Bsia Meoraprocessor
Focoter | 5" (‘W ]\?7
-@ Dcos
Frax ®~ =
e
A
L | Ren v Gen,
S,
’ 3) Bsin
[
S F
2 Beos
C1
[ ' 4 } o015 F
r
| 1
| i
Msin {7 T |
< + { ' TACHD
I T
LX hin
|
Meas (5 : FV Comverter ;
(A sy J
R s R
820 820
Rs
WE
s
Rod 022 22w
Bk
DA O
HALBE2RD
Motor Urive Signal
Enalle O‘
Dad (z) \
+
vaz  (3)
A Ervor Amp.
DA 2 @ j
Conv,
From LAl @_
Micrapencessor POS- Tn
DA B G} N
Position
- Anip.
. - M
Sigh G 15k
1
ﬁ)ﬁ POS 1w
| i
Storobe 1 —
13 A)
Vie Vie AU
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HA1 6631 P, HA16631 MP @®Flexible Disk Read Amplifier

The HA16631P and the HA16631MP are maonalithic read HA16631P
amplifiers for flexibie disk drive, and provide wave-shaped
output signals. The amplified signals from the magnetic head
generate data puises by differentiator, zero-voit comparator
and waveform shaper section,
HFEATURES
® Combined all the active circuit to perform the flexible
disk read amplifier function in one chip.
® Dirsct connection with TTL's. (DP-18)
HA16631MP
{MP-18)
MBLOCK DIAGRAM HPIN ARRANGEMENT
®HA16631P
Active
Filter Network Dilferentiator
Components —U_
3:g|m Amp. {LT‘,_ E Vrie
atput Input
2 17
" [:] 1.
E E Chatpat
Ir._ ___.L' — __—]—— ——a Oifset
| I Decoupling
! X af;;;:e,.. . [ e
| 1 tarr ! . E E input
| - : | : S [
: ain Stage
= L Dne- E E gwfﬂ
Shot § E E omp.
One [E E Feeol
Shot 2 Da
e
Magnetic
Analog Input Gain Select One Shot 1 One Shot 2
®HA16631MP
Amp  Amp Amp
Input Input Veer Outpur
201 B
Lo ram
ggfcs::p“"g Q O 018 amp Output
Offs
[k:;:p”ng [ [L15 Diff. Input
[HORETI [F14 Dl Inpus
One Shot 1 6 [ [13 piti. Comp.
One-S5hot 1 7] Di2 Diff. Comp.
0 T 1T F I
& B 0 n
One  One:  Dawa Vear
Shot 2 Shot 2 Cutput
(Top View!
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HA16631P,HAT16631MP
EMAXIMUM RATINGS (Ta=25C)
Ttem Symbol Rating Unit
Power Supply Voltage {Pin 11° Veer 7.0 v
Power Supply Voltage | Pin 18} Vees 16 v
Input Voltage {Pins 1 and 2} Vin —0.2 to +7.0 v
Outpur Voliage < Pin 10) Vo —0.2 to +7.0 v
Differential lrput Voltage Pins 1 and 2) Vingasss 0 to +5.0 v
Operating Temperature Tep 0 to 470 ‘C
Storage Temperature Tote —55 to +125 C
MELECTRICAL CHARACTERISTICS
®Operating Power Supply Voltage Range (Ta—25C)
Item Symbol Test Condition min typ max Unit | Test Circuit
Power Supply Voltage Range Vec s 4.75 5.00 5.25 v
Power Supply Voltage Raoge Vecze 10.0 12.0 4.0 v
®Amplifier Section (Te—=25C, Veei=5.0V, Ve =12.0V : unless otherwise specified)
Ttem Symbol Test Condition min typ max Unit | Test Circuit
Differential Voltage Gain Avp F=250kHz, Vi~ SmVrms 80 110 140 VAV 2
Vecrr Veeur
Input Bias Current lig Veez =12V, Vou=4V — 1 ] HA 4
Common Mode Voltage Range Vew 1.85 — 6.2 v 2
Qutput Distortion Ratio THD £=1kHz, Viv=25mVp-p - 1.5 5 2% 2
Veerr Vecea
glf_f.ermual Output Voliage Voa Veern Voean 3.0 4.2 — Vp-p 2
wing
Output Source Current Io - 8.0 - mi 8
Cutput Sink Current
! Pins 16 and 17} Ios Vicis r:fL(‘lR 2.8 4 b mA 9
Input Resistance TN 30 120 - k2 5
Output Resistance o — 15 - [¢] 6
Commen Mode Rejection Ratio CMRR | /=100kHz, Vix=200mVp-p 50 — — dB 11
Power Supply Rejection Ratio . Vee=12.0V o 7
Ve PSRR. | 4 75V Vee, 55,25V 50 dB 10
Power Supply Rejection Ratio . Vic1=5.0V _ _
Veee . PSRR: |1 0VE Veer 5 14.0V 6¢ B 1
glfferentia] Outpur Offset Voo _ _ 0.4 v 7
oliage
Common Made Output Voltage Veo — 3.1 — v 7
Effective Differential Emitter
Resistance i Pins 3 and 4) Rers 370 570 770 Ie] 3
®Peak Detector Section (Ta=25C, Vo —5.0V, Ve —12.0V: unless otherwise specified)
Item Symbol Test Conditien min typ max nit | Test Cireuit
Sink Current ‘ Pins 12 and 13! Isp 1.0 1.5 — mA 12
Peak Shift Ps S=250kHz, Vix=1.0Vp-p — — 5 % 13
Input Hesistance fip — 30 — k0 17
Output Resistance rue - 40 - 0

G HITACHI
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HA16631P,HA16631MP

® Waveform Shaper Section (Tae=25C, Vceix, Veczz: unless otherwise specified)

Ttem Symbol Test Condition min ¥p max Unit | Test Circuit
. Veer=4.75V - -
Qutput Voltage H [Pin 10) Vou Vecr=12.0V, Ton= —0.4mA 2.7 v 15
. . Voor =475V B B .
Qutput Voltage L (Pin 19) Vor Veer=12.0V, Jo, =BmA 0.5 ¥ 16
- : . . Veer=5.0V, Vee: =12.0V - = )
Rising Time [ Pin 10! tiew Vom0 Va3 TV 25 ns 14
. . . Veer=5.0V, Ve =12.0V o -
Falling Time (Pin 10) fTuL V=32 TV—0 5V 25 ns 14
F=125kllz 600 — 2000 ns
Timing Range#1 tia,
S 250kHz 600 — 1000 ns
o i 4 =0.625C R +150
Timing Accuracy #1 ] o= 200pF, R1 —6.8ked 850 1000 | 1180 ns 14
Timing Capacitance #1 C 150 — 680 pF 14
Timing Resistance#1 R, 1.5 — 10 k{2 14
F=125kHz 150 — 1000 ns
Timing Range$2 t2a, 8
f=250kHz 150 = 750 ns
. i 1, =0.625C R
Timing Accuracy #2 i = 200pF, R —1.6k01 170 200 230 ns 14
Timing Capacitance$2 C: 100 -~ 800 pF 14
Timing Resistance # 2 R 1.5 - 10 343 14

M TIMING CHART

Diffecentiaue lapus 71T N |
;

{Pins 12 and 137

Differentiator (utput I

-
Comparater Uutput
1

I
|
One Sha #1 @ —] ]_I

D-Flip Elwp &

Une Shot 3 § Pinlo
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HA16631P, HA1E631MP
MTEST CIRCUITS
1. Power Supply Current 2. Voltage Gain, Band-width, OQutput Voltage
Swing, Output Distortion Ratio
. 256 F
12 17 eea 2
4 16 asek |
4 15 -}
74;-—”'1 4 1N 5
6 K] 747—[, ;
7 12 . 1
4 (o 5 8 1 0 1.75kY
q b "{T El 1
AAA
vy L
Lkl | Ak 4 VolB-¥ui7
A AA ¥or
Wl
.4kl k)
3. Pre-Amplifier Section Effective Emitter 4. Input Bias Current
Resistance (Pins 3 and 4)
2t frar
" 1 | | f—————0 12V
17 0t fi s 7
6 L
0 3 18
15 iy Bl 15
" q 14
1 A | 13
2 7 ) § E—
B o5V ¥ 11 v
W it 4 14
Vi bm¥ems
S50kl
LEkL b.Bks
AN A
faks 6.4kl
M b Measure fonz in the same way.
4 Vin
= LIt
e -1
N
e =300
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HA16631P,HA16631MP

5. Input Resistance

WwWp———— 12V

17— Vou R
{0

R
=

1.6k
AAA
vy
f.4k0
Vout R Rurs
Vivs Vo0V R
R
[P
)
Rers =100KS

7. Differential Outpu

t Offset Voltage, Common

Maode Qutput Voltage

R .

—

13 12V
i e——t
lBfF———2 Vi,

14 Voa=1 Vix— Vi |

@ o oo owr e W P e

11 5Y

1.6k

AMM

ViV

6.4kQ

196

6. Qutput Resistance

25uF

= 1 13 012V
- FH] s L
war T o K "
=4 15 .
5
W * 4 ;:
7 12
3 il 5V
8 10
Loka
AN
6.4k0

= Rarel Vour ™ Veu -1}

Roer=5000

8. Output Source Current

Measure Pinlé in the same way.

O HITACHI

W om o~ o e b o—
P

12y

Rea D V™!

[vi == Vi 20y



—— . ————————

HA16631P, HA16631MP
9. Qutput Sink Current 10. Power Supply Rejection Ratio
. 500
F 1 B0 12y 1 18p———cVec2
2 17 —-— 2 17
# 4 13 4 15
7,”.— 5 ] 5 14
4 13 3 12
7 12 ey 7 12
B L1 0 5V [ 11 l Vee
4 10 g W

168l

AN
Bk Fluke B373A

Wigital Mulumeter

Measure Pinl2 in the same way.

11. Common Mode Rejection Ratio 12. Differentiator Qutput Sink Current
250 F
\ lsp————c12v W o I ::1 18f——— o2V
2 I p—0V.ui 2 7
] 1§ 0 ¥ 3 16
1 15 4 15
5 14 3 14
. 5 13 + |: 13 sV
Via=20mV¥p-p H 12— 7 12
f= - 14MHz 2 1 n M i a5y
9 L 4 T
1.6kl 1.5k
) AWV
BdRG 6.4kQ
N (DU .
CMRR =20, g Measure PinlZ in the same way.
e Varr

Measurement s performed using Vectar Wolimeter ipfdtsd, or equivalent,
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HA16631P, HA16631MP

13. Peak Shift

Y o—: | p———onrv
2 17
' £=250kHz
3 it
n 3 Vie=hiVp-p
ek 14 :I
O 6 12 01
200pF . ; 12 i i
— ¢ I O 5V 518 Youl
L Vou Finl0
200pF ? 10 0 5 ey ten 1y
5
24k8
A 4
WA
B 16k2 o
T . tort —tent
AN b PE=1/2- ~!'+—Xlﬂn'?/a
R 6.4k0 7 e

14. Timing Accuracy, Rising Time, Falling Time

18— 12V

J‘.VO“"E

1
2 17
3 16
4 15

JR A

¢ o———6 13 g OlxF mVe

2005F 4 12
e u o 512
200pF - 9 1 o sV

R: 16k0

AAA
Yy

Ry 68kE

tTra=t7as 10ns
J=250kHz
50% Duty

.4V
0.2V [ l v
—

i tia
Yapr
’ l Vit
- sy Pin 14y
1.5V 1.5V ﬂ Pin Pinto

ts 1 § I
— x1% = —t 5 Er2= *®100%
100088 ’ Eta= oo W% Hlins

Etua=
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HA16631P,HA16631MP

15. Output Voltage H (Pin 10)

16, Qutput Voltage L (Pin 10)

Wy D—: 1 8 p———0 12v VO 1 18 o 12V
4 17 L] H 17
3 15 1 16
4 15 4 15
o 14 r 5 14
7;‘; 3 13 i 13
7 12 ! 12 BmA
4 1 4.73Y 8 1 a5V
3 1o 0 Vour kl 1o Vaur
1 A A
1.6k
AN AN
KAkl 6.4kQ
17. Input Resistance
! 18
. {ther Bins Open
2 17
3 | -—-—
¢ s @ o5y
TF 5 [y PEE——
§ 13
7 i2
0.5
8 1 R=
Troay )
il 1
ECIRCUIT EXAMPLE Vo
-3 s 2
E 2
) -+ E ~ m HALTAMOS P
N 2 k3 | - » 1
3 L =
1 1l !X I 1.5k
| Lo ? 17 I_w,_
— 15k | I é
I 3 E}—w_
[ 1.5k 1.5k
Head Uy ==
Solect l_ Olu
1 A Active '—“E—"
Differ-
Entis-
Comp tor Gy
5 -—E—u—-
Pul
Gare. 200 1.800p
L_—| 5 13 WAk
3 o 1001
J0up = H
One- k-
—M—LE shot § m ]
5.6k ] i
C
L__l 8 Loree i}
160p 8 _a L1 Veor
._qM,_I__i 9 One-shot m! O Data Qut
) ﬂ.l 0
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HA16631P, HA16631MP

TIMING ACCURACY VS. COMMON-MODE INPUT VOLTAGE
AMBIENT TEMPERATURE VS. AMBIENT TEMPERATURE
Veeys R s Vear=35V |
3 ‘[]icl:ZRSkHz 5 Voo =RV
2 Vin=0.4Vr-» 5 h—
£ Lo £, S~
E E
- g
£
S 6
0 10 20 30 40 50 50 70 8 o 1% 20 30 40 50 50 70 80
Ambient Temperature Ta (C) Ambient Temperature Ta ('C)
COMMON-MODE INPUT VOLTAGE VOLTAGE GAIN VS. FREQUENCY
¥S. AMBIENT TEMPERATURE
1.8
Veci =5V
g !# Vees—12v ] s
: 3
= 1.4 % 1o
§ o \\
>g L2f— < oa P
; 3
£ g .
é 1.0 i 0.6
£
S ga 0.4
0.6 0.2
0 10 20 30 10 50 50 70 20 100k 200k 500k 1M M M i0M
Ambient Temperature Ta {'C) Frequency [ {Hz)
SUPPLY CURRENT VS, SUPPLY CURRENT VS.
AMBIENT TEMPERATURE (1) AMBIENT TEMPERATURE (2)
1.05 o8 1.05 31‘(;2
2 5
é 1-00 i.00 M
‘-‘i R 3 ---\-
- £ T~
0.95 0.95
] 10 20 3 40 50 60 70 80 i} 10 i) 30 40 50 (1) w0
Ambient Temperature Ta {C) Ambient Temperature Ta (1C)
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"HA16631P, HA16631MP

Yoltage Gain Avn/Ave 125°Ch

VOLTAGE GAIN VS. ) TIMING ACCURACY VS,
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
Year R
1.05 322:3 105 :,icfznsuuz
_ Vin=0.4Vp-¢
I
r—_,_.______ :g e
0.95 0.95
o o 2 30 Py 50 50 20 80 0 10 20 50 40 50 60 70 8

Ambient Temperature
Ambicent Temperatire Ta (€} bi perature Ta{'C )
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HA1 6632AP @ VFO IC for Fiexible Disk Drive

The HA16632AF 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 puise from clock pulse.

B FEATURES

® Applicable to both the 8 inch disk and the §.25 inch disk
by changing the voltage level "high'" or “low’ on the
control pin.

® Applicable to both the single density record format and (OP-28)
the double density racord 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 (Te=25C)
Item Symbol Rating Unit
Power Supply Voltage 1 Vee 7 v
Power Supply Voltage 2 Vine 1 v
Power Dissipation Pr 750 | mW
Operating Temperature Range Ta-op 0 to +60 C
Storage Temperature Range Tos —55to +125 T
BELECTRICAL CHARACTERISTICS (Ta=25C)
Item Symbo! Test Conditions min iyp max | Unit %Efg?:;ilon Note
Operating Power Supply Veltage | Vou o 4.75 | 5.00 | 5.25 V| Vee, Viwe
Quiescent Current 1 Iee Vee=5.25V — 80 105 mA | Vee
Quiescent Current 2 Tiwn Vo —5.25Y — 8 37 mA | Venx
. 20 —RAW DATA
Input High Current 1 Tty Vee=5.25V, Viy=2.7V — — HA ~VFO SYNC
—MFM
Input High Current 2 s Vee=5.25V, Viy=525V, —IRS=3.0¢v| —1 — | 50| #A ':iﬂls;\H(’aHl
Input High Current 3 Tras Vec=5,25V, Vik=5.25V — — 260 HA | —IRS
—RAW DATA
Enput Low Current 1 Doy Vee=5.25V, V=04V -0.4 - = 1 mA 7‘;[1;('\)4 SYNC
fnput Low Current 2 Di: | Vee=5.25V.V, =04V, —IRS=30V | 18| — | — | mA :SFENHLA“‘
Input Low Current 3 Ties Vee=5.25V, Vii=0.4V —4.0 — — mA | —IRS
Input Bias Current lis Vixa=5.25V, V;y=2.4V — — 20 HMA | Vi
Output High Voltage 1 Vo | Vee=4.T5V. Jow— —280mA et — | —| v TEND
Output High Voltage 2 Vona Voo =475V, fon=—400pA 2.7 - - —PDL, —PUH 1
Output High Veliage 3 Vous Vee=4.75V. Tow=—100A 34| 4.0 — +PUL 1

Note) 1. When setting the last output lap gate

202
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HA16632AP

BELECTRICAL CHARACTERISTICS (Continued) (Ta=25C)

Application

Item Symbol Test Conditions min typ max | Unit Terminal Note
+WIND
Output Low Voliage 1 Vour | Vee=2.75V, fo.=1mA = T Vi gppata | 2
Output Low Voltage 2 Vo Vee =475V, Joo =1mA — — | D.45 ¥V i —PDL 2
Cutput Low Voltage 3 Vors | Vee=4.75V, Jor =100pA - - 0.6 ¥V | +PUL 2
Output Low Voliage 4 Vors Vee=4.78V, To.=100pA — — 0.6 ¥ |+ PUH 2
Output High Voltage 4 Viyrs Vee=4.78V. low=—4mA 3.15] 3.65 — V | +PUH 1
Cuiput Low Voltage 5 Vore Ve =4.75V, Tor=4mA — - | 6.55 ¥ | —PDH 2
- . Veu=>5.25V, +WIND
OQutput Short-cirevit Current 1| Jfos, FWIND, —RD DATA—GND 70 14 mA _RD DATA 3
- - ; —PDL
Output Short-circoit Current 2| Tuse Vi =5.28V. —PDL, —PDH=GND | —100 — | 20 mi | PDH 3
. . . R R . +PUL
Gutput Short-circuit Current 3| fuss Vee = B.25V, +PUL, + PUH=GND | --100 - -20 mA +PUH 3
"’r T . Vivr =5V, Cex=%pk B
VCO Oseillation Frequency feco Vi 2.4V, —IRS~GND 4.0 MHz 8 INCHII
i VCO Viwg=0V, Cex= 10
Maximum Fmax rve=h ex—30p 10 — — | MHz | —8INCHI

Vin =40V, IRS=GND

; Voo =5V, Ci=50pF - - }
M1 Output Puise Width 1 tw) g VR1-15kQ, IRS-GND 500 ns | +WIND

s = r o "
M1 Output Pulse Width 2 [ Voo =5V, Ci=62pF — | 1600 — ns | +WIND

Oscillation Frequency

VR 1 =30k, -IR5-GND

e W Ver =5V, C;~=240pF _ . _
M2 Qutput Pulse Width 1 tws » VR2-25k0. —IRS—GND 2.50 ps RD DATA

. Vee =5V, Cr;=500pF _ _ _
M2 Output Pulse Width 2 fwe s VR 2 95k, —IRS—GND 5.0 S RD DATA

. : Ver =5V, C.=34000pk _ _
M4 Output Pulse Width 1 twa a VR4 —47kil. —IRS—GND 0.50 ms | TP1

' Vee=8V, C(=68000pF _ _
M4 Output Pulse Width 2 tea s VE4 =47k, - IRS—GND 1.0 mw [TP1

Vee =5V, Ci=12pF

/i t — — s ) — ATA
M5 Cutput Pulse Width ws VR5=15k0, -IRS~3.0V 200 ns RD D
Notes'! L. When settiog the last ovutpet tap wate " High”
2. When setting the lasy outpet tap wate " Low”

3. When setting the last output tap gawe ~High”
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HA16832AP

Ml BLOCK DIAGRAM

MIC  MIR Veo ~PDL - PDH +PUL - PUH Vix Venk
- e . -
NS
_‘}\ATVY\ ~\ i ¥ Phase Cain Voltage Cent
o ircui Comparatar Switching Control
Circuit Oseillator Cot
1 (veo) "
Loap i
—a-t SR Switch-
. Pulse ing
—IRs Cireuit Cireuit
Grnk

I T t

~BINCHI - Df\'ldi.ng
Cireuit
MFM = P, T#1
g ————— = = == 1
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HPIN EXPLANATION

ltem Pin Name Signal Remarks
Vee Power Supply for every black except VCO block
GND GND for every block execept VCO black
FPin for Power Supply
Viws Poawer Supply for VCO block
Gowg GND for VCO block

—RAW DATA Rlaw read data sigral from i]?xible disk drivel. including
signal components of clock signal and data signal, Clack Data

Signal Signal

Input signal which shows detectionof SYNC Byte(periodic signal),
When—FSHA="Low", this signal switches gain to lead-in loop.
—-VFQ SYNC="Low™ SYNC Byte detected
—VYEFQ SYNC="High™= SYNC Byte undetected

—VFO 8YNC

Mode select pin for MFM or FM
—MFM -MFM="Low"—=MFM mode (double density)

Pin for Input Signal
n for fnput =gna ~-MFM="High"™ FM mode {single density)

1. Setect gpin for Binchi FDDor Sinchi FOD (—IRS~"High™)
-3 INCHI="Low" ™—+8inchi FDD
—& INCHI/{—VCO0) —8INCHI="High"5inchi FDD

2. VCO oscillation sutput monitor pin{ —IRS="Low"}

Select pin for the kinds of Flexible Disk Coentroller(FDC)
—FSHA —FSHA="Low"—FD1791, MB8876, 8877
~FSHA="High"—pPD765AC
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M PIN EXPLANATION (Continued)

[tem Pin Name Signal Remarks
Pin for testing 1C's
Pin for Input Signal —IRS at using the packaged IC — —IRS="High”
at testing IC -~ —IRS ="Low"
Input Pin VIN Contrel 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/{ +M1G) + WIND ="Low"— for distinguishing data signal
(—IRS="High"}
2. Monostable Multivibrator Qutput Pulse Moniter pin for
M1({—IRS="Low")
1. Adjusted Read data output signal pin{ I[RS—"High"}
Pin for Output Signal | —RD DATA/{+M20Q)
2. Monestable 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
M PIN 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 M1
Ready Access Pin M2ZRK Ready access pin to capacitor and resistor M2
M2C Ready access pin 1o capacitor for monostable multivibrator M 2
MdR Ready access pin to capacitor and resisier M4
M4AC Ready access pin to capacitor for monostable multivibrator M 4
M5R Ready access pin le capacitor and resistor M5
MEC Keady access pin te capacitor for monastable multivibrater M 5
CEX1 Ready access pin to capacitor for VCO
CEX2 Ready aceess pin 16 eapacitor for VCO

206

G riTacH



HA16632AP

W TIME CHART

®Case 1 (8inchi, MFM, LOW Gain)

CL Cl DATA CL

—RAW DaTa “ u

Ly
[zput) 200051 I |
M as T Zas Nnelay Zist

DATA cL DaTA Ci Ci.
- Jq_.
L
A At
DATA cL DATA 1. L

Cl, Cl PATA CL.

U

~RD DATA
{ Output? EllOns)’”-— |
- WIKD | |
Hhtpaed [N
T Jars hyt

Silins 51Kns

®Case 2 (Rinchi, MFM, High Gam)
ClL L CL CL {1l

|| I R
! I
| |

Gthiln s

CL Cl. CL

~RAW DATA ],l H- llL ]

—_— - L
Zus 1 Zus v Zus 4 Qus o

AREERENN

Dys | 2es

CL Cl. CL

CL CL

|

- RD LATA u s JJ s u i ;
e Sh A I B

Zes Silens Bl s
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®Case 3 (8inchi, FM, LOW Gain)
DATA DATA LATA
(N8 L 1. oL Cl. Ol cL S CL CL L <L
T T
O O
M™4us § das 1 o - ‘A‘r*
Ming ! iy St :
H 1 ‘,,uSZJl,\
BATA BATA DATA
CL Cl [ ClL. Cl. (W Ci. CL CL Cl, CL. Cl.

~3b BATA ,*u,._ (I u 0

- WIND i I
bafatnai [P
/T
Tus bus

3l
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HA16636P @ 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,

HEFEATURES

® Minimum external parts,

@ Wide temperature range . . . . . .. ... -~20°C ~ +85°C

® High packing density for 5IP-8 package,

® Qutput pulse fram mono-stable multivibrator
................. tow = 5Bms typ, C = 0.68uF

® Temperature compensated for sensitivity of leakage

current.
High surge voltage and wide noise compensated,

HABSOLUTE MAXIMUM RATINGS (Ta=25C)

{SP-8}

Ttem Symbol Rating Unit Note
Supply Current fee 10 mA
Excess Supply Current iz 150 mA 1
Power Dissipation Py 100 mW 2
Operating Temperature Range Ton —20 to +85 ‘C
Storage Temperature Range Tus —55 to +125 C
150m A
Nete 50%
1
s A0as
2. Temperature range--- - Topr

M BLOCK DIAGRAM AND APPLICATION CIRCUIT

Line

HAlG635 1

[

Moni -stable
Multi

/l\(]mput

T,

“102
]— 068: F Cus

3

LX) F-T

SCR

S PIN ARRANGEMENT

cuo [Z]
otpur [ £ ]
G

ve [5]
e

v, [7
ne L8
{Top View)

$

Dicde
Bridge|

Rigz
‘J)jibf Breaker 0.3 100k
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HA16636P

®Cutltine of the Function

1. Both input terminal “Vce2” {6) and “Vin" (7) of a
differential amplifier connected the secondary coil of the
Zerophase Current Transformer ([ZCT) that detect a
leakage current, And further, “Vecl” {l)and "Vecc2”
{6lconnected to each other inner this IC,
So, if the appointed current are supplied, the terminal
voitage of “Veci" (1} could fix the constant vaoltage by
the zener diode.

2. Sensitivity of a leakage detection can adjusted by the ex-
ternal variable resistance {R102) that coanected to the

@ Operating Time Chart

Mo Leak |

lagut Voltage from 20T

Tz
{harge

e
Discharge

C-Terminal Valtape

3.

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 G102 and
the internal resistance and s0, this pulse drive SCR that
connected to the output terminal. (3)

Vier

Breaker Cot Off

.
g R

Uutpur Voliage

MELECTRICAL CHARACTERISTICS {Tu=25C)

[tem Symbel Test Conditions min typ max Unit
Operating Supply Current Range foo 1.3 — 10 mA
Refference Vollage Vies e =1.3mA, =2V, Vou=0.8V 5.6 6.3 5.8 v
fscnnes s Ire=1.3mA, Vyp—=0.8V 245 400 — HA

Ctput. Source Current
Tsorress Ta=- 2000, Lo+ 1.3mA, Ve =09V 29¢ 500 - MA
Vi Iee=1.3mA, f..=2mA — 0.1 0.2 v
Output Veltage i Vi Loo=3V. [ . =3001A — 0.05 0.2 vV
[ Vo fo=1.3mA, No-lLoad a5 — ] — v
Output l—'uls: Width Lo Ioo=1.3mA, C=0.68pF 30 55 100 ms
Vo Tal Tu=--200C, 1 =3mA" —12 - 12 %
Temperature Characteristic Vo Tu2 | Ta=70C, Lo=3mA" -12 — 12 Y
i Voo Tu3 Tu 8570, 1. =3mA* —18 — 18 Y

* reler o measurig Crcurt

BMEASURING CIRCUIT
e e . ®External Parts Constant

Wave

L
!
- UL IY

Vor T LT g

I Jom

sulfz I " c G
|
I
| Kuse
!
!

|
|
T
|
XD
Sinusoidal _“_7};: |
|
I
I

@ HITACHI

Ih( dma WO

R101 = 25082 + 1% (Carbon Film Resistor)

R102 = Adjusted Resistance 5% {Carbon Film Resis-
wor)

R103 = 5108 +1% (Carbon Film Resistor)

C101 = 0.47uF + 1% {Tantalurmn Electrolytic Capacitor)
C102 = 0.68uF + 1% {Tantalum Electrolytic Capacitor)

® Temperature Coefficient

_ Vin(T?l -\:ir!(25 c} x 100[%]
Vin{25°C)

{Ta=-20°C, 70°C, 85°C)
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TEMPERATURE REGULATION OF

SENSITWVITY VOLTAGE CHARACTERISTICS SENSITIVITY VOLTAGE CHARACTERISTICS
] !
40 I Vi =BSmV ]
\ f{at 25C)
g » \\ & s
Z — Te=—20'C Eio .
@ & Y 8,5 e
e L
i s BT S I
H el HE \o\
[ 25 8 N
= —40 =% g
0 2 4 6 B 10 12 -2 q 20 40 60 i1} 1en
Sensitivity Voltage {mVaus} Ta (°C)
{at 25°C)
Tow-Ta CHARACTERISTICS OUTPUT CHARACTERISTICS
_. &0 800
£
R . 800y = agr|
-«
E = PO 2D ] fee=13mA
E : —
w 0 lee=13mA — L o400 [
z C102=0.684 F 3
% ( Tantelum
E = E]ecmrolytic_ 200
3 Capacitor]
0 | 0
—20 o 20 40 60 a9 190 L] 1 2 3 4 5 6
Ta (C) Vor (V)

QUTPUT CHARACTERISTICS

0.0 - //l
= /
= Iee =13mA
o
F To=25C
005
0
0 1 7 3 4 5

fuwt (mAY
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HA1 6640NT @ Write/Mechanism Controller for Floppy Disk Drive

This IC can provide WRITE + MECHANISM CONTROL
function in one chip for FLOPPY DISK DRIVE

B FEATURES

® WRITE Circuit includes COMMON, WRITE, ERASE
drivers, and has capability of application for many kind of
FDDs.

@ WRITE Circuit also inciudes tripple power supply moni-
tar circuits, so can pratect 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 MONQ MULT! Circuit, so this IC is
able to apply for many kind of FODs and HEAD com-
ponents.

® The function of MECHANISM CONTROL
conferms to the standard FDD's interface,

® MECHANISM CONTROL Cireuit 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 inhiiiting the load current in external conm-
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 1C chip.

® With this device, it is able to design the print circuit board
without TTL |Cs, and to reduce many external com-
ponents, also to shrink an area of print circuit board.

@ Signal processing and control civcuit in FOD are abte to
be constructed with only two ICs and some externat dis-
crete  devices by connecting with FDD READ IC,
HA16631P/MP.

circuit

B PIN ARRANGEMENT

{DP-425)

SIDE 1 SELECT C41 2z a
Vo2 2 41 a2
COMMON © L3 0743
COMMON 1 4 39T a4
WRITE CURRENT []5 7 HL
WRITE = [ 3713 Vool
WRITE b []7 36E T 00
ERASE 8 35 HEAD LOAD
GND C{9 34| 71 DIRECTION
INDEX L] 10 12[] STEP
READY CJ 1) 32[,] STAND BY
TRACK "0 12 31 IN USE
WRITE PROTECT CJ13 301 WRITE GATE
READ DaTa L] 14 26{ 7 ERASE ON DELAY
TV C115 28[1 ERASE OFF DELAY
6§16 27 W
M oN L7 6] X
HY TIME 18 2503 INDEX INTERVAL
WRITE DATA CJ19 O 21[3 INDEX PULSE WIDTH
I READ DATA Cz¢ 23FY DISK IN
DRIVE SELECT £] 21 22[ 1 MOTOR ON
{Top View)

¢ 1
i\;g‘mn @ !

X H MISK 1N UUTPL’T {©) 7o
sk N @ LATCH [GATE ‘ H

HBLOCK DIAGRAM

E
SEI PlT@
WEITE WRITE DATE
TATE ERASE TIMER
[Re— 12
WHITE I
AT "
i der
WHITE
CLURREXT

@ unMMoN 0

NN

1 DRIVER —

j ERASE ERASE

- 1 ORIVER i
wr @) ‘

5T1E
THES @ o
TR @ STE? MOTOR MOTR

=TEP CONTROL. COUNTER conTanL
° w@ UATE o
-

v sUPELY TIMER I—_er' oL
‘

'
'
H -y
'

: GATE '
,
I
'
S { out HE.
TAD @ R EaT
‘ GATE i
: I
LETYE O :
perer ® yl ~louT PUT| \SI?LIJTEL"V
serEet caTE
sTAND BY {(O) :
[ROwER) Tl
save INDEX INDEX iNDEX
5@ PULSE pucse | ol
Meexeeal FernDe LNTFR
T Tim ETECTIgN [ WOTE
I
| T fouT U] KD
‘ GATE |
‘ '
L 1 '
' ouT PLT] o
‘ caTE I
’ h
s Q) Heare ™ N
GATE

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
CO]\;!&V[ON, WRITE, ERASE drivers are all inhibited
rapidly.
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§ ABSOLUTE MAXIMUM RATINGS (7, =25°C)

Item Symbol Ratings Unit Applicable Terminal
Supply Vaoltage Vpop1 -03,+7.0 v Vopt
Supply Voltage Vopo —0.3, +14.0 v Vpp2
interface Input Voltage ViNg 031w Vppy v Note 1
Intarface Input Voltage Vinz ~0.3 10 Vppz v Note 2
Interface Qutput Current oLt 50 mA Note 3
TU Terminal Output Current lop2 20 mA iU
HV Terminal Output Current oLz 16 mA HV
MON Terminal Output Current IoLs 5 mA MON
HL Terminal Output Current loHs 10 mA HL
STEP Terminal Qutput Current 1oHE 5 mA 1 $2 ¢3 ¢4
COMMON Drive Current {WRITE MODE) loow 100 mA COMMON @, t
COMMON Drive Current {READ MODE) focr 5 mA COMMON 0, 1
WRITE Drive Current Toww 10 mA WRITE a,b
ERASE Drive Current forw 85 mA ERASE
Input Current on the WRITE Current Set Terminal we 25 mA WRITE CURRENT
Power Dissipation Pp 0 1255%°C) mw
Operating Temperature Range Top 0to +70 °c
Storage Temperature Range Tsrg -66to +125 °c

Notes 1. Applicable Terminal: SIDE SELECT,
2. Applicable Terminal:
time constant.

3. Except for TU, HY, MON, HL, ¢1 ¢2 ¢3 ¢4,
W ELECTRICAL CHARACTERISTICS (T, = 25°C)

STAND BY, WRITE GATE,

, STEF, DIRECTION, IN USE, MOTOR ON, HEAD LOAD,
, DRIVE SELECT, I READ DATA
T00, DISK IN, WP, TX and also Terminals from MM circuit connecting with the external C,R

Circuit Block Item Symbol Test Condition min | typ max | Unit
Supply Voltage Range Vopi 4.5 5.0 5.5 v
Supply Voltage 5 /0Ty Voltage Range VpD3 08120 (132 | V
Output Voltage at v Vope = 12V 10.7 _ v
Selected WRITE Mode ocw Iocw = —100mA - '
Output Voltage at Vope =12V
Unselected WRITE Mode Yocwu Unselected B - 0T 1 v
COMMON I =13
Driver Output Voltage at Yo Vpp2 =12V _ 4.7 _ v
Selected READ Mode CR Icop = —5mA
Output Voltage at Vppz=12V
Unselected READ Mode YocrU | unselected B B 07 |V
Output Current Range Toom - 100 | mA
Input Current Range on the
'é WRITE Current Set Terminal | 1 WC o0 - L5 | mA
k-1 WRITE Driver output
: WRITE Current Accuracy Toww voltage = 10V 3.6 4.0 44 | mA
= fwe=1mA
4 WRITE Current Temperature Iwe=1mA
WRITE wC - -
® | Driver Coefficient Tdow |1 Z01070°C £0.05 %/°C
VDDI = SV,
WRITE Current Symmetry Alow Vopps = 12V ~1 — +1 %
Towalowd
Vppr =3V,
Output Leak Current Inkw Vpps =12V - — 100 | uA
VOW =20V
Output Low v Vppr = 4.5V 0.6 v
ERASE Voltage OLER Iog = 80mA B -
Driver Vppi = 5.5V _ -
Qutput Leak Curtrent ILKER Yopg = 20V 200 | uA
Lower Line 12V Detection Voltage Verviz 81 ~ v
Voltage 5V Detection Yoltage V - 3.8 - v
Protector ¢ FRVS
(to be continued)
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Circuit Block Ttem Test Condition Symbol min | typ max i Unit
Signal High Level Input Voltage Vpp; =50V Viur 24 - — v
Interface Low Level Input _
(Note 1) Voltage Vopi =50V Vrry - — 0.8 v
High Level Input Current V = 5.5V
Signal e i VDD ! 55y Tuy S 10 | pA
Interface VIH = 5V
| (Note 1) DDt = 3. _ _ _
Low Level Input Current Vi =0V Ty 10 WA
High Level Input Voltage Vppy = 5.0V Viks 3.3 - - v
Low Level Input Voltage Vppy = 5.0V ViLs - — 1.7 v
Sensor v 55V
Interface High Level Input Current bot . Iius - - 10 | uA
VIH = 5.5V
(Note 2) % —53v
Low Level Input Current VﬁDJOV ’ Ins -10 - — HA
Higher Threshold Voltage Voot = 5V VIn+ix - 3.5 - v
Index Lower Threshiold Voltage Vppr =3 Vop—px | - | 2.0 |~ |V
Input Hysterisis Vppr =5V Viys - 15 - [ ¥
Interface Vopr =43V
Input Current Vi = 2.6V finix -50 — 80 BA
Signal Low Level Output Vppp =4.5V N .
Output Voltage Ioz, = 48mA VoL 04 | v
Interface High Level Vppr=35.5V
Qutput Current Vou= 55V fonr - " 350 ) ua
= Low Level Output 14 =45V
1U Qutput bpt _ _
5 P Voltage Igp = 10mA Youiy 0.5 v
o High Level VFppy=5.5V .
E Output Current Vor = 5.5V fonty B B 100 | uA
2 L =4.
50 ow Level Qutput VDD_I 4.5V VoLuv B _ 0.3 v
§ | HV output Voltage Igr = 15mA
‘-E’ High Level Vppr = 5.5V I 100 A
2 Output Current Vor =132V OHHV B B .
= Low Level Output VDD_I =4.5V VoLMN _ _ 04 v
2 MON Output Voltage IgL = 5mA
= High Level Vppr = 5.5V P ~ ~ 50 A
Qutput Current Vo= 5.5V CHMN .
High Level VDDI =5V
HL Output QOutput Voltage Toxg = -10mA Younw 3.6 B B v
Low Level Output Vopp = 5.5V i 20 A
Current Vor =0V OLHL B B B u
High Level Vopr = SV
STEP Output Voltage fog = —5SmA Vousre 36| - B v
Qutput Low Level OQutput Vopr=55v p
Curzent Vor =0V orstp |- - N e
Cex = 0,033uF
ERASE ERASE ON DELAY Rex = 33kQ ten 044 | 0.52 0.60 | ms
Timer Cex = 0.069uF
ERASE OI'F DELAY Rex = 33k ey 0.91 1.07 1.23 ms
Index Output Pulse Cex = 0.033uF -
INDEX, Width Rex = 220kn rxw 261 | 3.08 3.55 ms
READY Index Detection Cex = 0,22uF
Cireuit Period Rex = 390kn 1ixt 311|366 (421 | ms
12V Hold Hold Period Cex = 2.3uF
Timer at 12V Rex = 56k82 fHY AT1] 555 4 639 | ms
VDDI = S.SV, .
Supply Current 1 Vpps=13.2V Ipbi - - 65 | mA
Dissipation No Load
Current Vppr=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 Qutput 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 unseiected, a common voltage doesn't appear, and this
terminal is pulled down to ground by a internal resistor with high resistance.
COM 1 Common Qutput 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 commeon driver.
WRITE Write Driver | Qutput terminal of Write Driver.
3, b a,b The ¢urrent multiplied by 4 with the determined current at the WRITE CURRENT terminal is sinked.
WRITE a and WRITE b turn ona alternately according to the Write Data 1™ or **0”",
ERASE Erase Driver | Qutput 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 epen 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.
8
Toww Rox % 4 (mA)
where, loww: WRITE CURRENT on the WRITE a, b terminals,
Rex:  External pull up resistor on the WRITE CURRENT terminal, and use the value in kQ

unii,
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 stgnal, and drives an erase driver.
WP Write Input terminal for the detected write protect signai from the Disk,
Protect Common, Write, Erase drivers are all inhibited at inpuw! low, and WRITE PROTECT driver tumns ON.
Input
ERASE ON Erase ON Terminal for connecting she 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 signal.
STEP Step Signal | Terminal for step pulse input 1o drive the stepping motor to seek tracks,
Input With ¢ach one step pulse input, the driver outputsjo, , ¢,. ¢,, ¢, change sequentialy.
DIREC- Direction Input terminal for Direction signal to determine the direction of stepping motor revolution.
TION Input Output drivers change with the direction of ¢, — ¢, > ¢, =+ ¢, at the input low, and ¢, » ¢, + ¢, —~
- ¢, —~ &, at the input High.
O b, 0y 4 Phase Outpui terminals to drive the stepping motor coil. With each step pulse input, outputs change with
by Stepper the direction determined by Direction signal,
Drive Output driver has emitter follower construction, but the driver cannot drive the stepping motor coil
Cutput directly.
It is necessary to have external driver devices such as discrete transistors.
HV Voltage Timer output terminal to drive an external transistors which switches supply veliage 12V te 5V each
Change ather|far stepping motor coil.
Timer With each step pulse input or each head load execution, the output turns QN during the determined
period.
It is enable 1o switch supply veltage 12V to 5V alternately and to supply 12V for the stepping motor
coil during the period of Low teve] an this terminal.
HV TIME HYV Timer Terminal for connecting the external time constant of internal Mono Multi circuit to determing the
period of keeping the fjV output Low levet.
WRITE Write Pro- When the input level of WP turns Low and the drive select is executed, this output turns ON.
PROTECT tect Qutput
(to be continued)
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Symbol Name Description
T0O0 Track 00 Input terminal for 00 track detection.
Input ngh level 1npu1 makes the 00 track detection.
TRACK 00 Track 00 Outpul terminal for 00 track detection.
Output When the input level of TOD is High, and the both output ¢, , ¢, are High, this output turns ON.
X Index Input | Input terminal for the detected Index hole signa! from the DISK.
Input Low shows the hole detection.
INDEX Index Qutput 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 Qutput of the Ready signal.
Output When the disk revolution gets to the nermal, after counting three index pulses, the output on this
terminal turns ON, and shows FDD has gone into READY state.
If the revelution goes down under the normal vaiue, the output turns OFT rapidiy 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 Lnterval the reference index peried corresponding to the standard revelution number of the DISK.
In case of the FDD equipment having another revelution nummber, 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 funciion, output interface, TU output are all enable,
Input !
STANDBY Stand by ﬁnput terminal for Power Save Signal to reduce the power consumption in FDD equipment and LSI.
Input input high inhibits all cutput terminals in Write and Mechanism contrel circuit except common driver,
80 power consumption in external circuit is reduced and this LS1 makes itsclf 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 operaticn is under the not stand-by mode, head load is enable at the input
low.
HL Head Load Terminal for Head Load output.
Qutput Circuit has a emitter follower construction.
But this terminal cannct 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.
18} In Use In Use Qutput.
Qutput Circuit has 2 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 | Qutput terminal for Read Data.
DATA Qutput 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 alse IU output turns ON too.
This function does not depend on the input level of MOTOR ON and [N USE. When the Disk revolu-
tion gets to normal state, after counting e:ghl Index pulses, both MON and 1U outputs turns OFF, so
the motor stops and IN USE LED turns OFF
After this operation, both MON and 107 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 CON Motor On Input terminal for the motor ON, OFT, control signal. MON is enable at the input Low.
Under the conditicn of the charged Disk and not-stand by, MON output turns ON with the MOTOR ON
input Low.
MON Motor On QOutput terminal for the motor ON, OFF, controi signal.
Output Circuit has an open collector NPN drmng transistor.
Qutput Low makes the motor ON and High makes OFF,
Also this terminal is able to connect to the motor control 1C, such as HA13431 and HA 13432 /MP.
vpD1 5V Pawer 5V Power Supply.
Supply
VDD2 12V Power 12V Power Suppiy.
Supply
GND Ground System ground
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W EXAMPLE OF APPLICATION CIRCUIT

+5Y +12V
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D
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; mad S cig
2 11 L g i §
3 40 i n
R 19 R0 ot
Re —
5 38
Head Load
3 37 -
) :]:‘l Solenoid
8
9

11 HA1664CNT

HA 16631 P

@ lnput terminals from FDC
GND @ Output terminals for FDC

M TIME CHART
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HA16642MP,HAT6642NT *fsuie suncson

This IC can provide READ and WRITE functions in ona chip
for Floppy Disk Drive.

B FEATURES

HAI6642MP

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
0.5mVvpp to TOmVpp which is read cut from HEAD
COIL, so that this 1C has superior capability to apply for
a FDD less than 5 inches,

In the read circuit, the peak shift is tess than 1% for the
signal amplitude, 0,5mVpp to 10mVpp, at the Amp [

input.

In the WRITE circuit, the COMMON DRIVER, the ; {MP-44)

WRITE DRIVER, and the ERASE DRIVER can provide a -

large current capability, so that can be applied to various " HA1G6642NT
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. H
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 vaiue with the external resistor.

The WRITE GATE signal and the ERASE GATE signal

can be applied independently each other. I
A dual-mode supply voltage monitor circuit is built-in, to
inhibit a miss writing and a miss erasing at the power

(DP-428S}

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 companents.

M PIN ARRANGEMENT

® HA16642MP @ HA16642NT

ER
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HA16642MP.HA16642NT

MBLOK DIAGRAM AND APPLICATION CIRCUIT

|
|
|
|
Time Domain 1
Filier :
i
1
Iy -b !
ran g
= I
|
Write . - Power
e i b || Write Eruse Write Supbly PSM
Comman Drive Cirewit &:r::.i:tnr Drher Niriver Logic -\l‘m'_m_ ——-{: :}

L - - - _
RAW SW COMY COMI ITS tws  IWT1 [WT2 EQ G Wi
Dy Dz Wws0 D Raz
T4 . ; Ui
Lire [3 Fond
Il 9 L L CaL {):
b o Side 1 e
fts Ry Ds r!\)i
{4
3
e Frail L e
17
2N [ Side D

Rx.

Ry
Rl

R

3 Integrated Blecks
" To determine a bias current for read mode

To determine the increase ratio of a write current at the inmer track.
:To determine a write current at the outer track.

GNA2

Vrez

Ve

{Write current at the inner track is a summation of the currents determined by Riu and Riy respectively.!

M ABSOLUTE MAXIMUM RATINGS (Teg=25T)

Ttem Symbol i Ratings Unit Applicable Termiral
Supply Voltage ¥ 7.0 v Virt
Saupply Voltage Vs i 16.0 ’ : v Ve z B
Input Voltage Vi 0.2t 7.0 v AMP IN “_
Differeatial Input Voltage Vivenro Dto 150 | v | AMPIN
Qutput Voltage Vorrr -0.2 to +7.0 v RD DATA OUT
Common Drive Current Iran 150 mA COM 0. COM 1
Write Drive Current Jwr 15 mA WT 1. WT 2
Erase Drive Current Ik 120 mA EO
Power Dissipation Pr 800 mW Veerr, Vers, Viu
Operating Temperature Range Topr 0te 70 T
Storage Temperature Range T - 55 1o IZSM T o
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HA16642MP HA16642NT

MELECTRICAL CHARACTERISTICS (Ta=257T)

Circuit Block Item | Symbol Test Condition min typ max EInit
lrz G 4.5 5.0 5.5 v
| Supply Voltage Range - 1
: V({l.u 10.5 12.0| 13.5 v
Differential Vu]tage Gain : Avu f—250kHz. V..=5mVrms 200 — VY
nput Bias Current ' i — — %
I Bias Ci 1 15 A
Pre Amp.
| Common Mode Input Voltage Range J Viw 2.0 2.7 34 v
- ‘ . : . .
! Qutput Harmenic Distortion THD ‘f——]kl[z Vi =10mVpp 5 s
Peak Detector i Peak Shift PS5 f—ZSOkHz V=D, :Jm l[lm\pp - 2.5 E
Vou TV,' =4, 75V, loy '—400;1A 2.7 —
Qutput Voltage
Vire Ve, =475V, for —4mA - - 0.4
i Rising Time frem Vair =5V, Vi —0.4t0 2.7V 1 30 ns
\
Read Data Falling Time trift. Ve —5V, Vm =2.7to0. W — 1 15 — ns
*Processor fin F—125kHz 1.3 — 4
Timing Range #1 s
J—250kHz 1.3 2
i f—125kHz .15 —| 1.5
Timing Range #2 baap s
| f= 250kHz
] Cuiput Vulldbe at :seIecfed Wrn.e Mode Vicas Virs: IZ‘V. I(u\f"'lf!l]m."\ | 11 v
i
Oulpul Voltage at unselected Write Mode Vivess Veer=12V, at unselected | - 0.7 v
Cofnmon | ()utput Voltdge at selected Read Mcdo Vrcus Voo =12V, frow —1mA 2.7 — v
Driver I R JU S — ] e
| Output Voitage at unselected Read Mode Viewes Veor-=12V, at enselected — — i 0.7% v
- Output Current Range feom - - - 150 mA
Outpul Low Voitage Vi ¢ 5V, o, —100mA - — 4.5 v
Erase Driver Ouiput Leak Current fonr: Vor —12V., Vs =5V 100 1A
rrase Current Range fen - — 120 mA
Wr]te Current Accuracy Acys Vr.n 7:)\’ V(¢27'I2V =7 +7 %
erle Currenl -Supply Voltage Sensmvuy P Var: —SV Ecrz—lﬂ §tald. ZVJ - +1.5
erte Current-Temperature Coefficient Tene Vor=5V,Vec:=12V,Ta=0 ta*?"(,'} 1 £0.05
Write Driver e
Write Current Symmetry Y (T Vg =5V, Ve =12V, i1 —lur —1 — +1 %
i , .
Write Current Range i ey Vi SV VLL7712V 1 ‘ 10 | mA
Leak Current at OMf Driver i Fobat h.t:—EV Vfrﬂ—lw HT—ZU\' | - ] — 50 r A
Supply Voltage Detection Vollage for 5V Supply i Vyan Veea =12V ‘ 3.5 . ~3.9 4.3 MY_
Monitor Detection Voltage for 12V Supply .‘ Virovs Vo —5V ] 8.0 J 9.0 9.8 v
- : 7 : 1
Logie Input 1.np.ut High Vulju_ze Vig N Vg —5V 2.0 | i v
Gate Input Low Voltage Vii WG. EG ‘ -— 0.8 v
y
Schmite Type Input High Voltage Vf:'!'; Ver =8V 2.0 ! — — v
Logic Input Gate | jyo0q 1ow Voltage Viis HS, WD - —1 0.5 v
Read 25 40
12V Supply fee V=135V | - mA
Dissipation Write B 16 B
Current Read - 36| 60
SV Supply I Voo —5.5V — ~——  mA
I Write — 33 —
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HA16642MP, HA18642NT

B 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.

0D 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| Terminai 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 voliage from the pre amp is applied to this terminal through the low pass filter.

DIFF CPL Differential Terminal for connecting a capacitor for differentiation, Rp, Cp and LF are connected in

Coupling series, as shown in the block diagram.

BIFF 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 ferminal 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

- 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
Dromain Filter Circuit.

RD DATA READ Qutput Output terminal of the read circuit. A pulse which is synchronized to the peak position of

ouT 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 O Common Output terminal of Common Driver (S1DE 0).

Driver 0 During the Head Select signal is selecting SIDE 0, a common voltage is appeared on this
terminal. The volizge 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 Commen Ouiput terminal of Commeon Driver (SIDE 1). The function is as same as that of COM

Driver 1 ¢

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 §W circuit,
according 10 READ/WRITE switching, This teeminal is pulled down to ground level in
READ Made, and it is pulled up to 12V in WRITE Mode,

w80 WRITE Output from regulated supply source in Write Current Setting Citcuit.

Regulated

Voltage

Qutput )

LWS Low Current Terminal to set a low level write current.

Set The current is determined by connecting an external resistor Ry between terminal WSO
and this terminal.

SW§ Difference Terminal to set the current difference (Iwp ) between high level write current and low

Current Set level write current. The difference current is determined by connecting an external
resistor R jg between terminal WHO and this terminal.

Iwpr = (High Level Write Current — Low Level Write Curfent)
IwH = lwL + IwDF ) . )
Where; Iy is high level write current, and lyp, is low level write current.
Iwy-to-Iwy, curtent ratio is;
Iwa/lwy, = 1 + Iwpp/iwL
It can be set at any value by Ry and Ry 7.
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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HA16642MP, HA166842NT

Symbeol Name Description
WT1,2 Write Driver Qutput terminal of Write Driver. The current determined by external resistors a1 terminal
1,2 SWS and terminal MWS is sinked. WT 1 and WT 2 turns on alternately, according to
the Write Data “*1” or “”.

WG Write Gate Input terminal for Write Gate signal.

The write gate is enable at inpui 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 collecter cutput of NPN transistor, and the erase current is
determined by external resistor Ryq.

PSM Power Supply The monitor circuit monitars the V¢ (+5V) and Voo (+12V), and will inhibit the

Manitor common driver, the write driver and the crase 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 Vg and V2 are more that the specified veltages,
regardless of the supply sequence.

vVeel Amp Voltage Voltiage for Pre Amp in read circuit.

vee:? Voltage for 12V | Another Veltage {(Excepting for Pre Amp.)

VGG Veltage for 5V

GND 1 Amp GND GIND 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 mocnolithic voltage regulator control
designed for microcomputer system. In addition to voltage
regulator, it incfudes watch dog timer tunction and power on
reset function.

In wvarious microcomputer system, this IC%s every function
'can operate with a few external parts.

B FEATURES
® &5V Regulated power supply contral circuit
© Voltage drop can minimize with external PNP-type [(BP-14}
transistor.
o Internal gver current protection circuit for external
PNP-type transistor, BPIN ARRANGEMENT
® Watch dog timer
o Internal Digital band pass filter controf circuit of pulse =
width detect type and Oscillation control circuit of a [T [12] reser
constant current charge-discharge type, so Watch dog o E EI RESET

timer function controled by microcomputer’s soft-

ware. CLK ] 3 12 vee

o Band pass filter characteristic and QOscillation charact-

eristic can also set up at will with external circuit. A | 4 1 s
® Power on automatic RESET pulse generator ¢ I: 0] Verar
s
Vo | 3 3 I Comp
HEBLOCK DIAGRAM
cap | 7 & | Vadj
Vi Re Q Vour E
- A,
© _L Wi © (Top View!
T
[ Vee Venos '}E HAL835P
r—-——-— —_——— {12 —-(5 ———
| [ |
| |
|
| LCurrent )
| Limiter |
i I
H 25k |
Reference = |
I Yallage |
i |
! @Cnmp
1 Vans
b
: 220 I
| - I
| RESET
CLK Fail Detecior Bower on Resei Detecror |
{Band Puss Filtec} Reset Signal Oscillator ==
|
| I
| |
I |
|
|

(D —— -

R Cr

Ry Cr . o
300kQ 0.01uF 560kQ 6.laF
T
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HA1835P

HABSOLUTE MAXIMUM RATINGS (Ta¢=25C)
[tem Symbol Rating Unit
Supply Voltage Vee 30 v
[nput Voltage Verk —0.3 to Vout v
Vieser 17.5 v
Output Voltage
Vieser 17.5 v
T [ reser 2 mA
Output Current
Fecser 2 mA
Control Terminal Voltage Veuxr Veo v
Contral Terminal Current Josr | 0 mA
Power Dissipstion Pr* 400 mW
Operating Temperature Range T —40 to 4 85 C
Storage Temperature Range o —50 to +125 C
Operating Supply Voltage Range Voe topnt 6to +17.5 v
Soldering Temperature Ticra 260 { T < 10see) C
#*  Value under Ta=770C, In case of more than it, 8, 3ImV/C devating shall be done.
B ELECTRICAL CHARACTERISTICS (Te=25C, Vee= 12V, V...=5V unless otherwise noted)
Ttem Symbol Conditions min typ max Unit
Supply Current Ico Veo=17.5V. with PNP Transister — 6.3 12 mA
® Voltage Regulator Control
IR Sk o P 4.70 5.1 5.3 v
Line Regulation Voul tene Vec=6~17.5V, f.,=0.5A 50 — +50 mV
Load Regulation Viut raae Vee=13.3V, Lu.=10mA-0.5A — 100 = +100 mV
Ripple Rejection Rars ei=0.5Vrms, fi=1kHz 45 % — dB
Limiter Operating (‘:l.lrrent Ivs Res=0.20 1.0 — 2.0 A
Output Voltage Temperature Coefficient | #Vour/o T T ~0.6 - | mvsie
®Watch Dog Timer
“L"-level input Current I Vii=ov ~120 01 — | wa
“I"-level input Voltage Vi o - — 0.8
"I'l"-level‘ input Voltage Vig 2.0 — - v
“H"-1evel input Current fra Voo =133V, Vour=5V, Vg5V — 1.8 3.0 ‘mA
®Power on Reset ]
“RESET™ Terminal Low-Voltage Vol [ lee=2ma - - 0.4 v
w Terminal leakage Current Tunl V=5V — — 5 HA
“RESET" Terminal Leakage Current Iusd Vou=17.5V ot — 30 HA
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HA1835P

[tem f Symbol ‘ " Conditians ‘ min ] typ [ max ] Unit
®Reset Time
Power on Reset Time ton 80 130 200 ms
CLK off Reset Time Yoy Ry—=300k52, Ra—560k0, 60 130 220 ms
Reset Pulse Low Level Time tr, Cr=0.00uF, Cua=0.1xF 40 80 160 ms
Reset Pulse High Level Time TR 50& 100 200 ms

Bl TERMINAL' S FUNCTION

Terminal No. Symboi Function

1 Re Connect the resistor “Rxz”. Reset pulse width depended on “Rz".

2 Cr Connect the capacitor “C:". Reset pulse width depended on “Ci".

3 CLK Clock pulse input terminal for watch dog timer.

4 ~H; Connect the resistor “R;”. Frequency band width of filter circuit depended on “R;".

5 c, Connect the ﬁa‘p::cimr “C;". Frequency band width of filter eireuit
depended on .

6 Vo Connect the external PNP-type tranststor's collector,
This terminal supply 5V regulated veltage for internal circuit.

7 GND Ground.

8 Vi Output voltage fine tuning terminal.

9 COMP Phase compensate terminal. Phase compensate could o’htained.
by the capacitor less than 100pF connected between V¢ treminal.

10 Veosr The external ENP-type transistor's base control ‘terminal.

1 Cs The current sense resisior that protect the external PNP-type
transistor connected between Vic terminal.

12 Vee Supply veltage 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.
Sa bath terminal should connect the pull-up resistor zbout 5ki).

ETEST CIRCUIT

25B&57D
Ven
R Viur
RESET
HA1835F
RESET
¥an
s ¥ GND Rz s
@ Counter
Rt & Ru Cx
300k ; nile [t} snok; by Unit R:®
CiF
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HA1835P

- APPLICATION CIRCUIT

v, 0.2 25H857
ot §
B \C . AQR

+
10y

$—O Vew

> Vi
L 1000

T
I
-
l [+ Voo Vst

HATEISP

Ry < Gl

Vom
RESET Ta Digital System

—

CLK f————0 ¥rom Digital Svstem

pr—

R J_ (
200k l'

HOUTLINE OF THE FUNCTION

(1) Voltage Regulator

o Wide operational supply voltage range, 5V regulated
output voltage realized wide Vcc range, {Vee = 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 valtage,
connect the more than 100uF capacitor between Vout
terminal and GND terminal.

{2} Method of Qutput Voltage Fine Tuning

¢ Dutput voltage fine tuning could obtained by the resis-
tor connected from Vadj terminal to Vout terminal or
GND terminal.

¢ The resistor connected between Vadj terminal and
Vout terminal could decrease output voltage.

@ 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 cver
current, conhect the current sense resistor between Cs
terminal and Vec terminal.

The value of current sense resistor is given by the
expression:

-1
0l

0.3V
(o]

fout {limit) =

{4) Power on Reset

o The reset pulse could output for the microcomputer
reset start when power on.

¢ Reset time for microcomputar system reset when

. Unie Ri0

power on could set external parts resistor ' R,” and
capacitor “ C,"".

(5) Watch Dog Timer {Prevent function of system run-

away)

o Watch dog timer is fail-safe function, This function
could reset the microcomputer system when systemn
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.

0 The internal band pass filter's characteristics could set
external parts “'R, ""and "' C; "',

Remarks: RESET terminal and RESET terminal are open
collector output type. So both terminal should
connect the pull-up resistor about 5k,

Vasrerey

\ System Burst
!
I
|
CLK T
|
‘ m

Heser Quiput Srgnal 3Hz

Power vn Reset Signal
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Other Functions
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HA17733G,HA17733P,HA17733

@Differential Video

Amplifier
HA17733 is a video amplifier for wide band with small phase- 5 G
delay and excellent gain stability. This amplifier eliminates HALTTS3
external phase compensation and can fix the gain 10, 100 or
400 without using external elements. |f some external
alements are used, any gain from 10 to 400 is available.
It finds main application in terminal units of computers,
interface or videa amplifiers,
Industrial Use: . . ... .. ..... HA17733G, HA17733P
Commercial Use: . ... ... ............ HA17733
M FEATURES
® WideBandWidth . . . ... ............ 120MHz
® Good Response (DG-14)
® Gain is Easily Adjusted in the Range of 10 to 400
® Eliminates External Phase Compensation HA17733P, HALT733
Hl CIRCUIT SCHEMATIC
Ver
{1
[ Lo 1
R R Y (YN
Qs
—f@%
{DP-14)
PUT WRPUTE [ ] A Tk
(o CIY B 6] FonT
4 [ T
o [ T B R e A o B PIN ARRANGEMENT
o A S SELECT
[(E o
B :'faa“r%«n 628 | e N —
a0 : INPUT 2 E: | INPUTI
& Qs n
Q’L“ﬁﬁ . du N E 13 NC
gk: AR Rin Ris ;f‘-’;
ljm TH;. M 300 I G E EI L2a
[age E i cia
5
Vis Ver E ta | tee
PUTRLT 2 |: EI T
(Top View)
M ABSOLUTE MAXIMUM RATINGS { Ta=25C}
[tem % Symbol HA17733G HA17733P HAI17733 Unit
T
Vee +8 +8 +3 v
Supply Volt e e B
ey Yoltage Ver —8 —8 —8 v
Common Mode Input Voltage Virican +6 £6 +6 v
Differential Input Veltage Viatditpr +5 +5 +5 v
Output Current Tou: 10 T 10 mA
Power Dissipation Pr 625 %1 625 %2 625 %2 mW
Operating Temperature Topr —20 te +75 —20 o +75 0 to +70 T
Storage Temperature Terx —65 to +150 —65 1o +150 —45 to +125 i

* 1 When Ta is 70°C or more, the derating curve will be 7.6mV,/°C,
#* 2 When Ta is 50°C ur more, the derating curve will be 8.3mW/°C.

230

G HITACHI



HA17733G,HA17733P,HA17733

M RECOMMENDED OPERATING CONDITIONS (Te=25°C}

ltem Symbol Min Typ Max Unit
Vie 5.0 6.0 7.0 v

Supply Voltage
Ve —5.0 —6.0 —7.0 vV

M ELECTRICAL CHARACTERISTICS-1 (Vo= —Ver=6.0V, Ta=25T)

[tem Symbal | Test Conditions Min Typ Max Unit
Operating Supply Voltage Range Ve, Note 1 3 — 8 v
Ver 3 —8 v
Gainl Note 2 250 400 600
Differential Voltage Gain Gain 2 Agy Note 3 80 | 100 12¢
Gain3 Note 4 8 10 12
Gainl - 40 -
Bandwidth Gain2 BW R=50 0N - 90 - MHz
Gain 3 - 120 -
Gainl — .| 10,5 -
HRise Time Gain 2 L. R=50 10, V.=1V, - 4.5 12 ns
Gain 3 - 2.5 -
Gainl = 7.5 —
Propagation Delay Time Gain 2 1, R,=50 £}, V=1V, , - 6.0 10 ns
Gain 3 - 3.6 -
Gainl - 4.0 -
[nput Resistance Gain2 Ko 16 30 . 313
Gain 3 - 250 -
Input Capacitance Gain 2 C., — 2.0 — pF
Input Offset Current Lo - 0.4 | 5.0 “A
Input Bias Current I - 9.0 0 A
Input Noise Veltage Vot onr R.=60 02, BW =1kHz to 10MHz - 12# - #Vrms
Input Voltage Range Vi +1.0 - - v
. i f=100kHz 60 86 -
Common Mode Hejection Ratio Gain2 CMR Vew=11V 4B
f=5MHz - 60 -
Power Supply Rejection Ratio Gain2 PSRRE | AVer=£0.5V. AVee==0.5V 50 70 - dB
[nput Offset Voltage Gain1 Vi s — 0.6 15 v
Gain2.3 - 0,35 1.5
Cutput Common Mode Voltage Voiem: 2.4 2.9 3.4 v
Peak to Peak Output Voltage Ve » 1.0 4.0 - Vp-p
Output Sink Current T Z.5 3.6 - ma
Qutput Resistance R 20 - Q
Supply Curfrent Ter - 18 24 mA
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HA17733G,HA17733P,HA17733

B ELECTRICAL CHARACTERISTICS-2 (Vic——

Vir=16.0V, Te=0 to +70°C)

Ttem Symbol Test Conditions Min Typ Max Unit
Gain 1 Note 2 250 600
Differential Voltage Gain Gain 2 Ao Note 3 80 - 120
Gain 3 Note 4 8 - 12
Input Offset Current Lo — — 6.0 nA
Input Bias Current I 40 A
Input Voltage Range v 11.0 — — v
Common Mode Rejection Ratio Gain 2 CMR Veu= 1V, f=100kHz 50 - dB
Power Supply Rejection Ratic Gain 2 PSRR AV =108V, &Vepe= 105V 50 — dB
Input Ofiset Voltage All Gaini V. ... - 1.5 v
Peak to Peak Qutput Veltage Ve s 2.8 - - Vp-p
Output Sink Current o 2.5 - mA
Supply Current fev - — 27 mA
Input Resistance ] Gain 2 R. 8.0 - - Q
MELECTRICAL CHARACTERISTICS-3 (Vee=—Vee=6.0V, Ta=--20 10 +75C)
Item Symbol Test Conditions Min Typ Max Unit
Gain 1 Note 2 200 — 700
Differential Voltage Gain Gain 2 Acn Note 3 70 = 130
Gain 3 Note 4 7 13
Input Offset Current £ — — 7 A
Irput Bias Current f — 50 aA
Input Voltage Range Vi =1.0 - - v
Common Made Rejection Ratio Gain 2 CME Veu=1+1V, [=100kHz 46 — - di3
Power Supply Rejection Ratio Gain 2 PSRR | AV, .= 0.5V, 8 V=105V 46 dB
Output Offser Voltage All Gain | V. o - 1.5 v
Peak 1o Peak Output Voltage Vi, . 2.8 - - Vp-p
Output Sink Current I 2.5 - - mA
Supply Current Lo - - 29 mA
Input Resistance Gain 2 R. 7.0 - - k0

Nutel 1. In this vange. the apmlilier can be operating.
2. Connect Gy oand Gra,
3. Conneet G and G,
4. Open all of the terminals for gain select
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HA17733G HA17T33P,HA17733

Phase ¢ ideg.}

PHASE VS. FREQUENCY (1) PHASE VS. FREGQUENCY (2)

[T
Ta=C |
i |

\"q

\ ! i

N |
SN T

' ' ] ' ¥ s ——t—H Y T
; |y H = . [ 1
— - —&—‘oé ' + - ﬁ“r i e o 4 - oo 11
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- ; o . = : "
N | & ;

15| : fﬂ/ N i !.‘
N SR B AR
. B
ut

: —N o LT
I

Single Ended Voltage Cain Avo [dB)

Peak ta-peak Cutpat Voltage Vap-r (Vi)

j \ ! BE
1 ' — i b 11t
ai
2%y rE— \L { T -3 Ea— et %r—w““rm
Frequency f {MHz) Frequency f (MHz}
SINGLE ENDED VOLTAGE GAIN VS, COMMON MODE REJECTION RATIO VS,
FREQUENCY FREQUENCY
ey ’ s e e LTI T T IR
T |1 ! = Ta =05C | [ B
iy § wrrrrrr
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! I‘ | Frequency f (Hz)
i 3
1,000
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FREQUENCY FREQUENCY
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HA17733G,HA17733P,HA17733

RELATWE VOLTAGE GAIN VS. PEAK-TO-PEAK QUTPUT VOLTAGE, OUTPUT
SUPPLY VOLTAGE SINK CURRENT VS, SUPPLY VOLTAGE
14
Ta=257 =50 1 4
F=200MAz - — d
V.o =15myems z i
- =z T ] [~ 7
E SR A ! -
5. == 33 o
& U [Gaind === %m 4 /
;-ﬁ: P o 1 E } A @v."_
s 0 LA 53 ot
y O oy i -~ |
z pa 23 Zf
= I e P
2 iz 0
[ ,/ ?: | -
o S - £3 q .
04 ° :

Sumly Yoltage Yo =—Veu 191 Supply Veltage Voe= - Ver (V)
PEAK-TO-PEAK OUTPUT VOLTAGE VS. SINGLE ENDED VOL TAGE GAIN VS,
L{OAD RESISTANCE FREQUENCY

TR T ]
ToVermey f f 11 SqL . lain 2 |
= I iiisti M 17 1 T fra=osc
£ g ®
;; | é L TR ' !
éfz 3 < RN
3 s o \ VL._ LLL
E‘ z \‘E\;;:—rh,—
3 R W
& I
b ) W 30 : * = X [T T.00
Losd Resistance Ry (Q) Frequency [ (MHz)
INPUT NOISE VOLTAGE VS, DIFFERENTIAL VOLTAGE GAIN
SOURCE RESISTANCE ADJUSTING CIRCUIT
10
Gain?
T vec=—tee=6v
i Ta=25C
> BW =10MHz
)
HE) n
[}
2 a0
s
z |ttt 1k
£ T
e VR v Tok
Souree Resistance (9] p Unit
*\diulsling R:gQ
Resistor R
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HA17733G,HA17733P,HA17733

Differeaniat Voltage 4va (diff}

DIFFERENTIAL VOLTAGE GAIN VS. SUPPLY CURRENT VS.
ADJUSTING RESISTANCE AMBIENT TEMPERATURE
P i JY £ " I %— F,;L —ov
N N ! | [ 4o
1 i H ¢
3 f { : ) wh:"""'-f
T~ RH = ]
S | Tk et
100 ‘ \}\ Z o [ ‘
— g i e
B - [ -
- 3
Mp=m —— I T: 17 _I
i 2 | o ]
|
10 L | I —
0 30 P ;
Adjusting Resistance Ru, 10} . —
] i
1 20 0 2 Jlu A A

Ambient Temperature Ta ('C)

SUPPLY CURRENT VS. SUPPLY VOLTAGE

8 I y I
| [raz2sc
1
u .
z L~
E -
H Y
: T
3 i
I /‘/
g ! e
B i
-
12 JJI/%/
n/l
kX 10 S0 6.0 A R

Supply Volage Vre=-—Vee (V)
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HA1127 o5 rinsitor swoye

HPIN ARRANGEMENT

S
C.l t W]c,
B.| 2 kﬁ 13 | E,i Substrate)
E, I 3 12 18,

{Top View}

Note) Use pin 13 as the lowest potential of this 1€,

(DG-14)

CHANGE IN THE COLLECTOR-
POWER DISSIPATION BY THE
AMBIENT TEMPERATURE

450
M ABSOLUTE MAXIMUM RATINGS (Te=25C} 5
ltem Symbo) HA1127 Unit £
Collector-Base Voltage Vewn biii] v n: 300
Collector-Substrate Voltage Vein 20 v %
Collector-Emitter Voltage Vewa 15 v i
Emitter-RBase Yoltage Vign 5 v 2 150
Collector Current I 50 mA ﬂé
Collector-Power Dissipation P 300 mi
Collecotr-Power Dissipation P 750 miy
Operating Temperature T -55 to +125 °C @ ] 100 150
Storage Temperatare T -85 to +150 ¢ Ambient Temperawwre Te (%!
# per Lransister
* % par package
M ELECTRICAL CHARACTERISTICS (Ta=25C)
ltem Symbot Test Conditions Min Typ Max Unit
Coliector -Base Breakdown Voltage Vosw vao | fo=10pA, T, 0 20 v
Collector-Emitter Breakdewn Voltage Viuw cen | Io=tmA, Rur =0 15 - v
Collector-Substrate Breakdown Voltage Vigw cre | Te=10gA, Te=0, {410 20 - v
Fmitter-Basc Breakdown Voltage Vo ceo | 1o 10#A, T—0 5 v
Collector Breakdown Voliage Toyn Viy=10V, 1.=0 - 0.002 40 nA
o V=10V, Ry, =wo - - 0.5 #A
Cn]lector—h‘m{ﬁér aurat;;;n ‘\;-r;l_lage Vit {0 10mA, In=1mA - ‘7(} 17 v
Base-FEmitter Voltage v, Vir= 3V foo1mA 9.72 ~ v
o “ e I =10mA - 6.80
Forward Current Transfer Ratio hiw Vi =3V [ Z1mA i 140 -
I - 10mA 120
Gain Bandwidth Product In Ver=3V, I.=3mA - 460 - MHz
Collector Output Capacitance c. Vo3V, I, 0, f=IMHz - 1| |
Emitter input Capacitance C. Vou=3V, I.=0, f=1AHz - 2.0 pF
1. - 35 - ns
Switching Time ' b 10V 130 T
. fo= 10y o+ — 10 fe = 10mA - 75 o
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HA1127

SWITCHING TIME MEASURING CIRCIT

RESPONSE WAVEFORM

oK < 10 Dscrllusenpe a0y
‘,ﬁ—r\m—— —I
.G, . i ik f“* Lnput
G T ooz | ooor | 0 a3 10%
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- R : gy i Unit &8 I 0%
! Vons s 5 = Vee (STl et put 3
"™ . . R N e 19%
. e i
= et T
OPERATING CONDITIONS
Symbal I, 1 I V. Viw | V.
Linit mA A ma ¥ ¥ v
Bias 10 - 1.0 1.0 10.3 -6.0 ti3.0
EMITTER GROUNDED STATIC EMITTER GROUNDED STATIC
OUTPUT CHARACTERISTICS(1) QUTPUT CHARACTERISTICS(2)
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COLLECTOR-EMITTER VOLTAGE VS, FORWARD CURRENT TRANSFER RATIO VS.
BASE CURRENT COLLECTOR CURRENT
M T M T N1 et
8 l | ; . 1 J mi T""-l.\_‘ .\
i | l I _l : 200 P::_\} }
. Sl TR
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HA1127

COLLECTOR TG EMITTER SATURATION BASE TO EMITTER VOLTAGE VS.
VOLTAGE VS. COLLECTOR CURRENT AMBIENT TEMPERATURE
g 2o T 1L
= PEETI o
é 1000 o s
. v R I )
£ o . 7 sS ~ 1
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5 Az = .
H /2 ,/ = ”‘E%:"‘\\ [l 20
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Collecuwr Current fe {mA) Ambient Tomperatare Ta (C
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COLLECTOR CURRENT YOLTAGE
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Emitter to Base Voltage ey (V)
SWITCHING TIME V5. COLLECTOR CURRENT SWITCHING TIME MEASURING CIRCUIT
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HA17555GS , HA17555PS , HA17555

@Precision Timer

HA17855 is an IC designed for accurate time delays or
oscillations. HA17555GE
It provides both of trigger terminal and reset terminal in
order to enable a wide scope of application including Mona
Multi Vibrator and Astable Multi Vibrator, and the number
of external components is fewer. Further, it's compatible
with NE5S5S of Signetics.

Industrial Use: . . _ .. .. .. .. HA17555GS, HA17665PS
Commercial Use: . . .. .. .. ... ... ..... HA17555
M FEATURES

® Mono Multi Vibrator can be constructad with one resistor
and ohe capacitor,

® Astable Multi Vibrator can be constructed with two re- {DG-8)
sistors and one capacitor.
® Delay time can be established widely from several HA17555PS
useconds to several hours. HA17555
@ 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 ratia is 50ppm/°C (typ).
® Qutput is normally in the ON and QOFF states. Pt
B APPLICATIONS
® Delay Time Generator {Mono Multi Vibrator)
® Pulse Generator [Astable Multi Vibrator)
® Puise Width Modulator
® putse Location Modulator (oP-8)
® Miss Pulse Detector
H BLOCK DIAGRAM HPIN ARRANGEMENT
® i et
T ¥ Canttul

| ¥oltage

Threshold <

Vags
K
q
< Heset

2.
—= Trigger

1Top View!
Top View!

GND Terminal

Trigger Terminal

LIl =10
E2 By B

7
Discharge o

Outpul

Dutput l[]ND
g 1

Output Terminal

Reset Terminal

Control Voltage Terminal
Threshold Terminal

Discharge Terminal

O [~1 | @ | | B fl | by | —

Vi-r Terminal
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HA17555GS, HA17555PS, HA17555

B ABSOLUTO MAXIMUM RATINGS (Ta—257C)

[tem Symbol 1JHA17555GS | 2)HAL7555PS 21HA17555 Unit
Supply Voltage Ver 18 18 18 v
Discharge Current I 200 200 200 mA
Qutput Source Current foires 200 200 200 mA
Output Sink Current Foae 200 200 200 mA
.Power Dissipation P 600 600 600 W
Operating Temperature T —20 to +75 -20 to +75 0to +70 ho
Storage Temperature Tk —65 te +150 | —55 to +125 | —55 to +125 °C
* 1) Value under the condition of Ta £35°C. [n vase of more than it, 6.7mW/°C derating shall be performed.
21 2 Value under the condition of Tu =60°C. In case of more than i1, 6.7mW/°C derating shall be performed.
B ELECTRICAL CHARACTERISTICS {Vic=5 to 15V, Ta—257C;
item Symbol Test Condition Min Typ Max Luit
Supply Voliage ' 4.5 16 v
Voo =5V, Ri=w 3.0 6.0
Supply Current * I = mh
V=15V, R;-=m - 10 15
Timing Inherent Ervar 1.0 - "
Error ** Ta Dependency IoN Tu=--20 to +75°C - 50 - ppm/
Valtage Dependency Vi —5 to 18Y 0.0t - G /Y
Threshold Voltage ' - 2/3 xVeco '
Tri Vol v Vo 15V - 5.0 v
rigger Voltage /s
h 8 V., 5V - ier | -
Trigger Current I - 4.5 - HA
Reset Voltage Vi 0.2 0.5 1.0 Vv
Reset Current I - 0.1 mA
Threshold Current Ioynee - 0.1 9.25 #A
Vi =15V 9 10 11
Contrel Voltage Vi = v
Vo =5% 2.6 {1 3.33 4.0
L= 10mA - 0.1 0.25
. . 1. = 50mA 0.4 0.75
Ko =15V
Yo L= 100mA - 2.0 2.5 v
I...=200mA - 2.5
Qutput Voltage V., =5¥, I, .=5ma — (.25 0.35
. - 12.5
Vie=15% '
Vi 12.75 13.3 ¥
V=5V, fo... 2.75 3.3 -
QOutput Rise Time I - 100 - ns
N No loading
Output Fall Time I 100 ns
Oscillation Pulse Width N saen 10.0 - - HS
*When vutput is Low 1When it is high, £ is lower by ImA tepically.t
kR, Rk to 100K, 0 0.1k, L. 5V o 15V
&l - KHoooau Vo 15V s determined by the valee of Ith. [t is 2080 mas.

% % ¥ Quiput pulse waodth at mose sl cirewt
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HA17555GS, HA17555PS, HA17555

Hl CIRCUIT SCHEMATIC
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HA17555GS,HAS55PS, HA17555

OUTPUT VOLTAGE (Vo } VS. OUTPUT VOLTAGE{Vo ) VS.
SINK CURRENT (2} SINK CURRENT {3)
1o T T ymwe: e Lo n e :
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RDESCRIPTION OF HA17555 OPERATION

HA17555 is an Integrated circuit which can provide accurate
8 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. A1l astable operation,
oscillation frequency and duty cycle can be controlted by
two external resistors and an external capacitor separately,
It is passible to attract and induce 200mA current by output.
And also, operating volwage can be used at a wide range of
supply voltage, 5 to 15V, Particularly when supply voltage Is
B\, 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 inio three by 5k& resistance of R,
R, and R,. The edge of {2/3) Vce is connected to compara-
tor A, the edge of {1/3} Vecc is connected to comparator B.
And (2/3) Vec is drown out as a control terminal. By im-
pressing bias at {2/3) Ve from the outside, it is possibie to
change threshold level and trigger level of comparator.

2. Comparator A

Comparator A consists of O, and 3, R,, R,, R, and R,.
The base of Q, is connected to reference valtage {2/3) Vee.,
It switches when voltage of threshold terminal switches (2/3)
Vee off. In other words, when valtage of threshold terminal
is beyond {2/3) Vec, Q, and Q, which have been cut off is
turned “ON”, and Q, and Q, are turned "OFF”. S0, Q, is
turned “ON" and resets flip-flop.

3. Comparator B

Comparator B consists of Q, throuwgh Q,,, R, and R,. The
base of Q,, is connected to reference voltage (1/3) Vee, 1t
switches when voitage of trigger terminal cuts {1/3) Ve off.
In other words, when voltage of trigger terminal decreased to
less than (1/3} Vee, Q,, and &,, 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 G
and flip-flop is set.

n-

4. Flipfiop

PS flip-flop consists of Q,; through Q,,, R,, and R, . Itis
stabilized when Q. s turned “ON™ and Q,, "OFF”, by
reset signal from comparator A. On the gther hand, it is
stabilized when G, is turned “OFF” and Q,, "ON", by set
signal from comparator A,

HA1T7555GS, HAT7555PS, HA17555

5. Output Circuit

Output circuit consisis of Q,, through Q,,, R, through
R,;. Output level is determined, according to the siate of
output transistor Q,, of flip-flop. When Q , is "ON",
output level is “Higg", and when Q , is "OFF”, it is "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 paint of a new cycle.

7. Discharge Circuit

Discharge circuit can discharge or charge timing constant can-
nected to the both edges, by "ON" or “OFF" of Q. Q,, is
turned "ON" and discharged at "Low' level or when the
abowve reset is made.
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HA17555GS, HA17555PS, HA17555

AN EXAMPLE OF OPERATING CIRCUIT
1. Mono Multi Qperation

V{‘f‘
(4} {8) Ry 3R
Reset Ver
Cutput a 9 Dutput
lnmeJ Trigger
Discharg
()| Control =
Voltage
hald
U_,“F_[ GN’;.L.., holdf=
Fig.1 Mono Multi Circuit
100
10 o
1 S
Qi i
t
T
]
§ {Kom N
; A Y " 7
5 iy Al L
F m
5
Y 1
3
ms==
y
1004 —t
10
0.00; 001 L1 § 0 1

Timing Capacitance (* i pF

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”. Qutput is
driven to “High"'.

Capacitor C is charged through resistor R at time constant 7

= RaAC. When voltage at both edges of capacitor C reach
threshold voltage of comparator A, flip-flop is reset and 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 oceurred, 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. H negative-going pulse’is added ta
reset and trigger terminals at the same time during mono
muiti operation, capacitor C is discharged and mono multi
operation is occurred again at positive edge of reset pulse,
Qutput remains “Low" as long as reset terminal is *'Low".
When the reset terminal is not used, it is better to connect
reset terminal to Voo in order 1o prevent miss operation.
Fig. 2 shows the characteristics of output pulse width when
the values of R 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 Rg 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 Rg in this circuit. Therefore, duty cycle can be con-
trolled by Ra and Rp. In Fig. 4, capacitor C charges and dis-
charges between threshold voltage {about 0.67 Vcc) and
trigger voltage level {about 0.33 Veel. Fig. 5 shows a typical
example of astable operatian. |n this figure, time {14} when
output is “High” level, time {t() when outwput is "Low",
oscillation frequency (f) and duty cycle {D) are calculated as
foltows;

ti=0.603(Ra+ Rr)C
t.=0.693Rs ' C

- 1.44
fi(RA +2Ru)C
Ry
Duty Cycle D=

(Ra+2Rs)
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HA17555GS, HA17555PS, HA17555

5V 5Y
Input
B SR Ra=8kd
1 C=0014F
R =1k
|
T i J
Dutpur !
ol - L : | - —J
Ourput at i [ \
Terminal C [ I B I
{8pin) o { ol 1
5V ( 1003 ]
fe) Vee =aV
T T
5 Tl ]
o ot
Input : : !
B e et -
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! i — C=001pF
uun 1 £ =0
10V idiv)
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lepind ¢ H *
110V fdev] ].U:\" { 100us
(b} Vee =18V

Fig.3 Operation Waveform of Mono multi circuit
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Fig.4 Astable Circuit
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Fig.5 Operation Waveform of Astable Circuit

3. Cautions in Use

Such integrated circuit for timer as HA17555 tv'pe may
produce switching noise on power supply and GNO line dur-
ing usage, In this case, abnormat 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.

PR
R
R 1, .
Yoo m? ! _r—;i ka
3 4 ’
4 5|5
i =
e
‘ fiz
r'J’ Le5)
R,: Power supply output impedance
R, % 50m&
R, . R, Lead wiring resistor
R,, +R,, £ 100mQ
R, Ry, Substrate wiring resistor

R, +R,, S20ms
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HA16605W ezuer conoter

Recently burner control equipment has been improved and
required to obtain small outline, high performance and multi
functions. And now, glectronic burner controller is going to
become more popular to save energy and to have better
safety functions.

The HA16605W s a one chip monclithic IC, integrated of
the sequential controi 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 cepability of drive relays directly.

B 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

builtin.

Comparators are built in.

Provides safety functions,

H BLOCK DIAGRAM

Input
Terminal o
— tput
@ H ===n  Terminal
1 H ) ——
o | I
! i ol
@ | Py 1 b @
W | 1 [l t
- e |
@ g o g } @
e o =
@-—N :‘: 4 ] | < J
N 18
@ | < I : N
| 2 1 &
® = h—-=i Control Circuit -:r——ti‘ _E :>@
- 1
O 13 Ny
5 ! E;
I 1 1
& | LSl @
1 1 il ]
nput Check! ! H [
Terminal : : @
M L I
I
®r— !
@ Bt e - bl

B PIN ARRANGEMANT

o Y
NC E
in
we (1]
v E
« [
RN E
an
ALM E
GND E

20| FD &

s o2
[13] Foc
[17] s
e] 7
[1s] wr
[14] wr
[11] Em
[12] e
[ ce

{Top View)
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(DP-20)

M PIN DESCRIPTION

Pin No, | Symbol Description
1 7 Decoder input to discriminate four
kinds of control seguence.
2 NC Non Connect
3 g Decoder input to discriminate four
kinds of control sequence,
4 Vee Power Supply
5 EVs Power transistor output for driving
the magnetic-valve.
. Power transistor output for driving
6 G+ it 5
the ignition equipment
Power transistor output for driving
7 RUN* the operation lamp
. Power transistor output for driving
8 M "
the blower motor
Power transistor output for driving
9 ALM = the alarm lamp
10 GND GXND
11 CP Clock signal(5¢/50Hz)input
12 NC Non connect
13 EM fmergency stop signal input
Output of the water temperature
4 WTe detection signal
15 WwT Input of the water thermo signal
16 T input of the relerence voltage for the
water thermo and for the safeiy thermo
17 ST Input of the safety thermo signal
18 Fix Output of the flame detection signal
19 Foo Input of the flame detection signal
2 FOE Input of the reference signal for the

flame detection

* Open collector vutput of XIPN transislor
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HA16605W

HABSOLUTE MAXIMUM

RATINGS (Ta=25C

[tem Symbel Rating Unit Applied Terminal Note
Supply Vollage Vie 7.0 v Ve
—0.5 to Vec—=5.0 CP. EM
Input Voltage Viw —0.5 to Vee—1.0 V |B S
—0.5 to Veer3.0 FDF, FDiz, T, ST, WT 1
T —0.5 to Veet3.0 FDe, WTe
Cutput Voltage Vaur ¥
—0.5 t0 +25 IG, EV, RUN, M, ALM 2
2 FDe, WTe
Dutput Current Lout 75 mA IG, EV, M, ALM
100 RUN :
Power Dissipation Pr 500 mW
Operating Temperature Range Tier —20 16 +75 C
Storage Temperature Range Towg =55 to +125 ¢
Notes™ 1. internal impedance of the drive source should be more Lhan k2.
2. Aligwable value when the output transister is in OFF state
3. Aliowable value when the autput transistor is in ON state.
HEELECTRICAL CHARACTERISTICS
Item Symbol Test Condition min max Unit | Application Terminal Note
Low Vie — 0.6
Input Voltage V | CP,EM L
High Viu 2.8 -
Input Clamp Voltage Vri: fio=—12mA —1.5 — V| CPEM
Vee=4.5V, for.=2mA — 0.3 V | FDe, WTe
Oulput Voltage (Low Level: Vo Ve =4.5V, for =75mA — 0.7 v {G,EV, M, ALM
fee=4.5V, fo,. =100mA — 0.7 V | RUN
Low Iie Vee=5.5V, i, =8V — 200 — HA
Input Current CPLEM
High fra Vio=5.6V, Viy~5.5V — 100 HA
Vee=5.5V, Vos=8.5V — 0.2} HA | FDe,WTe
Dutput Current :ligh Level! I Ver=5.5V, Vuy- 20V -~ 50| #A | IG.EV.RUN,M
Vie=5.5V, Ven=25V = 1.0] mA | ALM
Comparator Input Bias Current fra Vee=5.5V, Fi=0V —250 — nA 2
Comparator Input Offset Voltage Vi Vee=5.0V, Vy=1.4V — 10 mV 3
Compara{ur Common Mede Input Voltage Vew 0| Vee—1.6 v 3
Supply Current fee Vie= 5.0V - 70 mA
Power Supply Voltage Vee 4.5 5.5 Ay
Maximum Clock Frequency fer 10 —{ kH=z
Notes' 1. Low and High signal levels applied (o Lerminals CP and EM.
2. This item is applied to the inputs of comparators, FD~, FB—, T. ST and WT
3. These items are applied to FD++<Fll—, T+=8T and T—WT of the cumparators,
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HA16605W

B SIGNAL STATES AND LEVELS OF I/0 INTERFACE

Interface Block Terminal Name Signal State Signal Level
Decoder Conneet to Voo at “1" level input, and to GND at “0" VisZ 4.0V
g level input. ViLE2.0V
Clock Interface CcpP
Viaz 2.8V
Emergency state is detected at Low level input on this Vi =0.6V
Emergeney Tnput EM terminal. and ALM outpui turns ON.
High level on this terminal turns the sequence to the flame
FDE
detected state.
Comparator ST Low level on the inverting input turns the ALM output ON. | 0= Vey= Vee— 1.6V
Low level on the inverting input turns the all seguence
WT
Reset,
Driver EV, IG, Quiput OFF equals 1o “1” level.”
RUN, M, ALM Output ON equals to "07 level.

MSYSTEM CONNECTION

248

*]
* 72
*3
* 4
*5

Vas mmee—na

™

. *3 "EEP_UFD_‘E
2 E NC FD- E
@D i 1]s FDcE—I B
afvee  ST[IL
5 Jev T [15}
.__J_LT__RUN wre [ p——- N R
{efM  enpsk——
{o]am  wcfiz) G) E E
wlevn  crfu}— L 4l
HAI6605W
7 Il
Clt:%l;,ﬁ;;::] 1'}—' I Emergency Stop

LED for alarm lamp.

Signal

LED for operation meniter lamp.

Relay coils 1o drive the electromagnetic-valve, the ignition equipment and the blower mator.
Device for flame deiection -e. y. Cds

Thermistors for detection of water temperature.
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HA16605W

H SEQUENCE TIME TABLE

Sequence Code | P 0 P 1 P 0 P 1
item S 0 S 1] S 1 S 1
Pre-purge Timing 8 sec 17 sec 17 sec 68 sec
Ignition Timing *1 9 MAX 4 MAX & MAX -
Past-igaition Timing — - 17 170
Safety Switch Timing a 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 Hame ON.
#*2 All values shown in this table are measured wnder the condition of that
clock input I {— 60Hz (commercial [requency}

M SEQUENCE CHART

oF:0, S:0 *P1, S0
M
3 @ # 17 ¢ 17_z1
£ FAN e FAN [
Tw VALVE 1 VALVF —
ic GN e 1GN —
F R g | rRUN
o RN
8- B Y
=% TH e — il Th e —
E-8| We I am JE N po s IR
Reset to
¥ o 8 17 initial 2 o 17 2
€ FAN L T ~— Stale 2 — r S
] VALVE | = T = vatve (T T
] IGN ! ] : M
- RLIN + —_— = RUN e re———
g | ED R —_— iz | EP 1
B TH T g =
:EE ALM ! i 33 ALM
Pre-putge return
! o P 17 = i 72
-] FAN z g 3 —_———————
BaZ | vaLvE | T — 5 VALVE | —e——— —
w5 5| IGN — EE B LN —
ga-T | RUN == g5 _2| AUN o
Swg | FD —_— SwiE FI ——m
SEF LT — wi-gT| TH ——
s | am R ———— S5yl ALM [N E———
4 u 4 17 =
E 2T rax T _; 4]
SEE| varve [T i SET
E2H® | IGN | B R
a6 | RUN _— ah
=g= | F-D _— = o
wig | TH ! iy
Sa5 ] ALM EZE

Note) The salues in the Time Chart show the operating time lin second:
al 1-60Hz clock wput.
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HA16605W

®F:0, S:1 . 81
B 17 ) = 0 [ 170 20 ]
- CAN _r —
T | vALve 1 E | VALVE |
Tapd| Gn —— _w  JHEATER| o ——
BeZc| pun 5.2 RUN
i3 F-D ET - I__’_;E
EHE 5= |5 =
o 10000000
EG&l AlM - — =4 | arM
3 N 0 17 2% M % il 53 170
| ean —s
E VALVE [— r EE Yalve —
_w - — 5% HEATER
as Rul T T e————— B2 | RON —
F [ ——————————— o wl Fo
52 T™H Erms
Zor ALM —f Te<dE|lTH - S
£ 2 2| ATM
e [} 17 34 oe
EE R # . — o FAN . o
BPEoE| vALVE S — 28— [vAlvE | T
E@5¥| IGN + 32 | NEATER | s
a~ 21| RUN — f 228 | mUN Y e |
“ega| EOD — i )
YL w - £Les .
grex| M | T Tt | il ‘
' S o
. rens S22
£z 0 7! T _ B
i3 N . vk ) 0 58 170 2w
Sirg| wALve | T 82 lem, | e
[T ] | £ HEATER | T
- ] 5 N
Susg| YN 4—{_.'___,_._..____.__\_ - £ BN T e
Pt a1 —
EEEu| TH . 2%k |1y
o
Baoe| ALM ALM I
iy ) 17 25 - 0 58 150 2w
v 2 VALVE | — | S FaN ] 1
es3 Tl IGN — woe | vALVE | | S
£33 2| RUN =] £ ¥ |HEATER |
w585 FoD 1 Sw3 | RUN Ea L
yEE | TH SEw |E-D — ] iy —
£35%g| ALM ——— [ I::M = | S —
S [ 17 5
S — '%_“E" AN — O o8 175 70 T
® EE| VALVE T Tt — 1 2% VALVE |=™ S |
] S S— 595 |HEATFR|— 7 I
EE5T] RUN . r P T
Sail o | == e e — PR R P e e
wilg| TH . £5 2.5 1) e
Fagh] AM FEE3 ALM

®P: ¥, S: %(in abnormal conditions)
Z

Generatign of
EM signal

Generation of
ST signal
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HA16617P , HAT6619P eruorcccont oispiay orivers

HA16617F and HA16619P are flucrescent display drivers
operating in high voltage which use positive and negative
power source, respectively.

B 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}

B CIRCUIT SCHEMATIC (1/8) MPIN ARRANGEMENT
®HA16617P ®HA16617P

w 1] 18] oo
wz 2] [17] T2
e 7] [16] ours
ta 1] [15] ovrs

IN " 19 5] [14] oers
LT ¥ s 3] [12] ours
v [7] [12] 7
o ] E 0CTE
#HA16619P
GND E E] Ver
GND
L5 {Top View!}
IN o—wr fof—3
.f} [N

® HA16619P

ouT THE E 0UTI
12 E EI“UTZ
Vee wa [3 E OUTS
wa [ [15] aurs
ws s E ouTS
e 5| 15} ouTs
w [+ [12] outr
s [ ] ] oura
Ve E E GND

(Top View)
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HA16617P,HA16619P

WABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HAI16617P HA1661%P Unit
Supply Voltage Vee —0.3 to +85 +0.3 to —65 v
Toput Voltage Via --0.5 to +10 +0.5 to —10 v
Qutput Voltage Veur —0.3 to +65 +0.3 to —65 v
Output Current* Foer —45 —45 mA
Power Dissipation** Pr 625 625 mW
Operating Temperature Tosr —20 10 +75 —20 to +75 C
Storage Temperature Toix —55 to +125 —55 to +125 C
* When only one circuit turns ON.
&% Value when Tas50°C. Derating curve above Ta~50°C shall be 8.3mW/'C.
BELECTRICAL CHARACTERISTICS (Ta=—20 to +75C)
HA16617F HA16619P
Item Symbol Test Conditions - - Unit
min | typ max | min typ max
Vee =80V, Vo257V 2.4 — — _ — —
Vin v
Vee=—60V, Vo= —55V - — — — — | —1.5
Input Veltage
Ve =60V, Vo= 3V — — 0.4 — — —
Vi v
Vep=—60V, Va2 —3V — — — —4 — —
Vee =60V, Vi.—2.4V — — 0.2 — — —
mA
TS Vee =60V, V,,=5V — — | 0.45 — —- —
Vep=—60V, V,,=—1.5V — — — | —280 — — | KA
Input Current
Ve =60V, Vie=0.4V — — 80 — — —| KA
In Ves= —60V, Vi,=— 4V — — —|—1.2 — -
mA
Veg——60V, V,.——T7V — - - 2.6 — —
v Vee=60V, Vii=2.4V, o= —d0mA 57 | 58.5 = — — — v
- Verm 60V, Vom 4V, Jo=—4tma| — 1 — ] —| -3]-13] —
QOuiput Voltage
Vee =60V, V..~ 0.4V — — 3.0 — — -
Vou v
Veg=—60V, Vi, = —1,6V - — - - 55 — —
Teciorr Vee =60V, all Circnit Vi.=0.4V — 0.04 0.4 — — — A
fee orr, Vee= —60V, All Circuit V..=—1.5V — — — | —1.3 — — =
Quiescent Current
leciow: Vee =60V, One Circuit V.,=2.4V — — 4.0 — — — A
Terons | Vec— —60V,AN Cirvewit Ve —4v | — | — | —| 12 —| —| "
HAPPLICATIONS
®HA16617P S®HA16619P
oV +55%
T T +5V
VoefVoa) | gy HAV“ o 08T | Fluoreseent T}J;.C( V”C‘MO‘ X lm(i:z?lw T ] Fuorescens
i—'. Lov .
—5Y
[ greey ;o\'
Vel Vo) Ver Vee! Voo: CAD .
IN OUT Fl N I , VT Fluarescent
TrLG:;rDCMOP He\rlﬂsnnp Dis“p“l:‘;“?’u':! TTI.G;:BCM( L H!EL?:.]?I - mm:y Tube
—______J l'-S\ L BN
oy
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HA16617P, HA1G619P

HBASIC CIRCUIT
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HA16617PJ.HAT6619PJ «ricescont vispay orivers

HA16617PJ and HA16619PJ are fluorescent display drivers
operating in high voltage which use positive and negative
power source, respactively,

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)

MCIRCUIT SCHEMATIC (1/8) M PIN ARRANGEMENT

®HA16617P) S®HA16617PJ

1 Veo NS
i a 1] :
R1$' I INL |1 8| out
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3 4 st
1N o—w—l— (3 Rs 155 E 11] ouTs
R
[\l 1 F
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Gay 17 E [12] o
[Z E 0T8

IKE

®HA16619PJ onp [5] E e
! H GND {Top View)
R2
I W’ @
N % #HA16619PJ
|
i Qe
K NS
L - m [ [ie] oums
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i Top View)
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HA16617PJ, HA16619PJ

M ABSOLUTE MAXIMUM RATINGS (Ta—25C)

[tem Symbol HA16617PJ HA16619F] Unit
Supply Veltage Vie —0.3 1o +65 +0.3 to —65 v
laput Voltage ' —0.5 vo +10 +0.5 to —10 v
Cutput Voltage Viur —-0.3to {65 +0.3 to —65 v
Gutput Current * Tt --45 --45 mA
Power Dissipation ** Pr 625 625 mW
Operating Temperature Toer —40 to +85 —45 to +85 C
Storage Temperature T —55 to +125 —55 to 4125 C
*When only one circuil turns ON
# *Value when Tws50C, Derating curve zhove Ta—50°C shall be B.3mW /.
M ELECTRICAL CHARACTERISTICS {Ta= —45to +85°C)
, HA16617PJ HA16619PJ ,
ltem Symbol lest Conditions — Vuit
Min Typ Max Min T'vp Max
Ve =60V, Vo= 57V 2.5 - - -
Vin b 0wz b7 : v
Vee= —60V, Vy= 55V - - - - - —1.4
Input Voltage - —
v Ver=60V, V,=3V - — 0.4 - - v
Veem =60V, Vo —3V - | -3 - -
ce=60V, V,,=2.5V - - 6.22 - = -
I Vee=60V, V,=5V - - 0.45 - - mA
Vep= —60V, V-~ 1.4V —280 | —280 - -
Input Current
Vee=60V, V.,=0.4V — — 80 - _ _ Py
1, Vee=—60V, V.=—4.3V - — -1.2 - mA
Veg=—60V, V.. 7V - - | —26 - -
Vee=60V, V=25V B
y lo= -40mA 57 58.5 v
o Vig=—60V, V.= 4.3V _ _ .3 1.5
Cutput Veltage fy - - 40mA ) i
v Ve =60V, V.,=0.4V - — 3.0 - - v
ut Vep=—60V, V.=-1.4V — — - —55 — —
Voe=60V, All _ -
Ieciorrs Cireuit Va—=0.4V 0.04 0.4 .
| Ver= 6OV, Al I _ "
. . Hroars Cireuil V- = 1.4V :
Ouiescent Current -
Loor s Voo =60V, One 1.0 _ _ _
G Cireuit V,,=2.5V i A
; Vee= — 60V, All ] B 12 — 1"
FRews Circuit V,.=—4.3V
Il APPLICATIONS
® HA16617PJ ®#HA16619PJ
Input voltage within 0 to +7V shall be used with regard to Input voltage within O to -7V shall be used with regard to
GND, GND.
oV ERinY

I I

Vee( Vapt Yoo __
: o 1
TTL or CM{ IN HAL8617 1 il }‘J::o‘resccrn
e play
GND GND
-5
7 v i oY
T Voo Vee ) -
! lrore
17 0r CHOS— Harssize [T Bizgi-:vscem
UND GND ’
Gy

|

il

Vee - Vit X ]
N T Fluoreseant
TTL or CMOS HALARG1 91 Display
] Vee
T
l" v by
_
Lo b . D i
X 1
10, or CMOS—N pasesiep [ILT | Fluorsscent
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HA16617PJ, HA16619PJ

HEBASIC CIRCUIT
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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 TOKYQ

U.S, SALES OFFICE

Hitachi America, Ltd.
Semiconductor and IC Division
2210 O’ Toole Avenue

San Jose, CA 95131

Tel: 408-942-1500

Telex: 171581

Twx: 910-338-2103

Fax: 408-942-8225

Fax; 408-942-8880

REGIONAL OFFICES

NORTHEAST REGION

Hitachi America, Lid.

5 Burlington Woods Drive
Burlington, MA 01803
617/229-2150

SOUTH CENTRAL REGION

Hitachi America, Lid.

Two Lincoin 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 95H0
408/277-0712

SOUTHWEST REGION

Hitachi America, Lid.

21600 Oxnard St., Suite 600
Woodland Hills, CA 91367
818/704-6500

SOUTHEAST REGION

Hitachi America, Lid.

4901 N.W. 17th Way, Suite 302
Fort Lauderdale, FL 33309
306/491-6154

DISTRICT OFFICES

* Hitachi America, Ltd.
1700 Galloping Hill Rd.
Kenilworth, NJ 07033
201/245-6400

+ Hitachi America, Lid.
3500 W. B0th Street, Suite 660
Bloomington, MN 55431
612/831-0408

+ Hitachi America, Ltd.
80 Washington St., Suite 302
Poughkeepsie, NY 12601
914/485-3400

+ Hitachi America, Ltd.
6 Parklane Blvd., #558
Dearborn, MI 48126
313/271-4410

* Hitachi America, Ltd.
6161 Savoy Dr., Suite 850
Houston, TX 77036
713/974-0534

s Hitachi America, Ltd.
5775 Peachtree-Dunwoody Rd.
Suite 270C
Atlanta, GA 30342
404/843-3445

* Hitachi America, Ltd.

18300 Von Karman Avenue, Suite 730

Irvine, CA 92715
714/553-8500

¢ Hitachi America, Ltd.

10300 S.W. Greenburg Rd., Suite 480

Portland, OR 97223
503/245-1825

* Hitachi (Canadian} Ltd.
2625 Queensview Dr.

Ottawa, Ontario, Canada K2A 3Y4

613/596-2777






