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1.

3.

a.

This document may, wholly or partially, be subject to change without notice.
2. All rights reserved: No one is permitted to reproduce or duplicate, in any form, the whole or any part of this

document without Hitachi’s permission.

Hitachi will not be responsible for any damage to the user that may result from accidents or any other reasons during
operation of this unit according to this document.
The example application circuit or combination with other equipment shown herein indicates characteristics and
performance of a semiconductor-applied products. The company shall assume no responsibility for any problem
involving patents caused by applying the descriptions in the example. Further, Hitachi does not accept responsibility

for the industrial properties of third persons.

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 consent of the appropriate officer of Hitachi’s sales
company. Buyers of Hitachi’s products are requested to notify Hitachi’s sales offices when planning to use the

products in MEDICAL APPLICATIONS.
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REFERENCE GUIDE

Function

Type No.

Operating Temp. Range

Package Code

0to
+70°C

—20to | —40to

DG
+75°C | +85°C

Opera-
tional
Amp.

Single

HA17080GS

HA17080PS

J-FET
Input | Dual

HA17082GS

HA17082PS

HA17083G

HA17083P

DP

SP

MP

Page
FP

Quad.

HA17084P

General
Purpose

HA17741

HA17741G

HA17741GS

HA17741PS

High Slew Rate

HA17715G

Dual

HA17358
HA17458
HA17458GS

HA17458PS

HA17558

HAI17558GS

HAI17558PS

HA17747

HA17747G

HA17747P

HA17904GS

HA17904PS

Quad.

HA17301G

HA17301P

HA17324

HA17324G

HA17324P

HA17474
HA17474G

HA17474P

HA17902

HA17902G

HA17902P

Voltage
Compa-
rator

Single

HAI1813PS

Universal

HAI1812GS

HAI1812PS

Dual

HA17393

HA17903GS

HA17903PS

HA1807

Dual Quad.

HA17339

HA17901G

HA17901P

Voltage
Regula-
tor

Switching
Regulator

HA16654FP

HA16654PS
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REFERENCE GUIDE

(continued)

Operating Temp. Range Package Code 1
Function Type No. Page
0 to —40to
+70°C +85°C DG DP SP MP FP
HA16664FP 106
o HA16664PS 106
Switching HA17504G 114
Regulator
HA17524P 114
HA1835P 151
. HA17723 120
Precision
HA17723G 120
v HA17805 128
HA17805P 128
&V HA17806 128
HA17806P 128
v HA17807 128
HA17807P 128
HA17808 128
8V
1A HA17808P 128
A178 12
v H 12 3
HA17812P 128
HA17815 128
15V
HA17815P 128
HA17818 128
18V
HA17818P 128
HA17824 128
. 24V
Voltage HA17824P 128
Regula- HA178L02 141
tor 2.5V
HA178L02P 141
5V HA178L05 141
HA178L05P 141
HA178L56 141
5.6V
HAI178L56P 141
6V HA178L06 141
HA178L06P 141
HA178L08 141
A8V
100m HA178L0SP 141
oV HA178L09 141
HA178L09P 141
HA178L10 141
10V
HA178L10P 141
HA178L12 141
12v
HA178L12P 141
HA178L15 141
15V
HA178L15P 141
5V HA178M05 147
HA178M05P 147
HA178M06 147
00mA | 6V
500m HAL78MO6P 147
W HA178M07 147
HA178M07P 147
Note) 1. —30to +80°C 2. —20to +85°C
@ HITACHI 7




REFERENCE GUIDE

(continued)
Operating Temp. Range Package Code ¥
Function Type No. Page
Bt/ b kil I DP Sp MP FP
HA178M08 147
8v HA178M08P 147
HA178M12 7
12V
HA178M12P 147
HA178M15 147
;’:;fji? S00mA 5V MHa7smisp 147
tor 18V HA178M18 147
HA178M18P 147
20V HA178M20 147
HA178M20P 147
2V HA178M24 147
HA178M24P 147
High Speed | [TA19202 174
HA19203MP 174
High Speed| HA19216P 183
AD HA19209C 177
High Speed HA19209P 177
HA19210C 177
Conver- HA19210P 177
ter 8bit Dual Slope | HA16613A 158
HA17008RG 162
8-bit HA17008RP 162
D/A High Speed| HA17408G 172
HA17408P 172
] HA17012G 167
12-bit
HA17012P 167
Stepp- | HA13007 190
ing HA13421A 204
Motor "HA13421AMP 204
et wor| HA13406W 192
HA13426 207
]I‘)’Ir‘]’ff; HA13431 213
) HA13432 216
fd";‘t‘gf HA13432MP 216
Micro- HA13440MP 225
omputer HAI3441 229
pheral HA13442 229
Fan Motor | HA13439MP 220
Printer Dot Impact| HA13408 198
Driver |Themal Head| HC16701* 309
DC Motor HA16628P 233
Controller HA16629P 235
HA16631P 239
Floppy Disk HA16631MP 239
Controller HA16632AP 249
HA16640NT 258

Notes) 3. ~10to +75°C 4. Tjwopn =—20to +125°C 5. Tjopn =—40t0 +125°C 6. Tjiopn=—20t0 +135°C 7. Tjpn=0to +125°C 8.0to +60°C 9. —20 to +70°C

+  The chip product for sale

++ ! Side Brazed Ceramic DIP
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REFERENCE GUIDE

(continued)
Operating Temp. Range Package Code t
Function Type No. _ —on~ | —a0~ Page
Swe | vrve | rac DP | SP | MP o FP
HA16642MP 264
Floppy Disk HA16642NT 264
Controller HA16643MP 269
HA16651MP 280
Micro- HA16652P 283
computer HA16652MP 283
pheral | Hard Disk HA16656MP 290
Controller HA16662MP 294
HA16663MP 306
HA16682MP 294
Ground Falt Interrupter | HA 16636P 255
HA17592 338
HA17592G 338
Differential HA17592P 338
Amplifier HA17733 340
HA17733G 340
HA17733P 340
5 Transistor HAIL127 314
Array HAL127P 314
Other HA17555 331
Precision Timer| HA17555GS 331
HA17555PS 331
Burner Controller HA16605W 318
HA16617P 323
Fluorescent HA16619P 323
Tube Driver | HA16721MP 326
HA16722MP 326
Notes) 10. ~20 to +85°C
t : The package codes of DG, DP, SP, MP and FP are applied to the package materials as follows.
DG : Cerdip, DP : Plastic DIP, SP : Plastic SIP, MP : Plastic Mini-square package,
FP : Plastic Flat Package (SOP)
G HITACHI 9




PACKAGE INFORMATIONS

Package Code ; letters P : Plastic DIP
letters G : Cerdip
leters FP : Small Outline Package (SOP)
leters MP : Mini-square Package

17 X X X ; Standard Linear IC

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

Other Circuit Description ; Hitachi Original

B DIMENSIONAL OUTLINE
®Plastic Dual-in-line Package

Prefix : HA ; Hitachi Linear t(Analog) IC

Unit: mm (inch), scale 1/1

8 Pin 14 Pin
9.6(0.378)
10.6max.(0.41 Tmax.) 19.2(0.756)
8 5 - 20.32max.(0.800max.)
nnann %
S| 14 8
=8 5E e
° ©|858 g
23 =g
51) 7.62 7 162
T %8 (0.300) 1.3(0.051) _ (0.300)
AR - /——q
g3 g8
Sic’e []J ]; ‘ == 17% o 3
EE 5158 h EE N, 02588
58 A/“‘z - ™ a8 €€ S 0\0'3%%%2)
S e SSEE - [CX
o1 ° 8 \ro I5 ©0 048201 254+025° S S
+0.004) (00190.004)(0.100+0.010) <
(DP-8) (DP-14)
16 Pin 18 Pin
19.2(0.756) 1‘
20.32max.
6 (0.800max) g 24.5(0.965)
annannnon - U3 '8 25.4max.(1.000max.) |
oI SEE =
() NS RERE
' — s o oS 57
0.89 3. ——
'*H'(Tﬂns) (0.051) e TUUEEHEES 162
S|E EE (0.300) 1.3(0.051) - ;
gl& =& ] (0.300)
HERE] EE
o w2 bR
=1 fez / A Lt y=s 2 Vs 25
B | N{B U™ i7 i oo
d e Daio) (5019 + 0.008) Te T oo 0Tl 2die 3.25:,5 "=
+0.010) (0.019 + 0.0 481 0. 544025 <
(0.10c - 0.010) ( (0.019+0.004) (0.100+0.010)
(DP-16) (DP-18A)

10 @ HITACHI



PACKAGE INFORMATIONS

Unit: mm (inch), scale. 1/1

20 Pin 20 Pin
27.10(1.067)
28.1max.(1.106max.)
20 I
nonNnoonmnn -
g?’ % § 24.5(0.695)
SES 25.40max.(1.000max.)
f(]D :I:i ?‘?ﬁﬂnﬁﬂnnr'\l|'|I e
LIJI_II_IL.IL_' [Spm g e mi‘iég
2lSEE
1.3(0.051) o - 82§
_ 10.16 .7 762
;B H ;8
g £ £ E g [(0300)]
- S &
(E15 Egres |
) - S w0 2T aN
F ;:t_’. °iSlwe
il Ty et
E ! 4EE NN
! S'elz & oz
o N B I E-SNE B et
0.48+0.1 254+0.25 I8 2541025 048401 e 0 s [
(0019+0008) (0.100t0010) S (0.100+0.010) (0019 + 0.004)
(DP-20) (DP-20N)
22 Pin 24 Pin
21.10(1.067) y
28.1max.(1.106max.) F
27.10(1.067)

imiainialelnlelsl

2
313
® )-8
| e
) "
0.89(0.035) 1.3(0.051)

(0.200max.)

10.16
(0.400)

28.10max.(1.106max.)

3
nnno nnonoon, —
iy -
Lix &
S5 E
SlEs
@ g:8
1 =
" 1.0(0.039) 12

2.54min. 5.08max.
(0.100min.) (0.200max.)
N

ozo;ﬁi@__L

10.16
a0 __

02558

<
0.5 ! ! £ L o008
=g 001038 e L JL & pows®
iy Pyt s ) 048%01 4036 1778+025° 2
48 +0. 5440, Zs 0.019 +0.004) (0. e
(0.019+0.004)  (0.100+0.010) = 04)(0.159) (0.070 ¢ 0.010)
(DP-22) (DP-24TS)
28 Pin
35.6(1.402) S
28 36.6max.(1.441max.) 15
l'llﬁl'll'll'\lﬂl-lr\l'\f'|l'|l'|l'|l'|_r
e
<|REE
EEEE
e
12 e s
(0.047) . £ {0.600) |
_E-5 !
w2
ais
w
— t 251808
0.48 + 0.1 ,)\.“‘ Xl
(0.019 * 0.004) 15 00~
(DP-28)
® HITACHI 1



PACKAGE INFORMATIONS

42 Pin

37.34(1.470)
38.0max.((1.496max.) 2
[aialagnlalnlnlulalnlalalnlnlalsininls]

13.4(0.528)

L’LILH_ILILIUVJLIL'LJI_IU\JIJULH._ILl2I -
|
1.0(0.039)

14.6max.
(0.575max.)

5.08max.
(0.200max.)

15.24(0.600)

(0.020min.) (0.248)

(0039) (005D £ .3 Rl
S £ &
al2f8=
o wS

e
—ELE
% S
~
254+025 04810.1 S 0~15

(0.100+0.010) (0.019+0.004)

(DG-16)

E +0.11
< El 12 0.25%0.65 "
- - ES E|E — 0733
1.778 £0.25 0.48+0.1 5§ § § 0°~5° (001070
(0.070+0.010) (0.019+0.008) ©= =t
(DP-42SA)
B Cerdip Unit: mm (inch), scale: 1/1
8 Pin 14 Pin
96 _
(0373)5 19.3
8 2 0760 g
El'g Aooonon ‘1
IR =
s B e
[ 762 3
130051) . — = (0.300) 1.5(0.059) 162
£F,28 = (0.300)
vz{ﬁ £8 5 E f
ReETEE ﬂ is _
L e a0 E %7 025133
I % _ 8 ry)  toeoam
254+0.25 0.48-0.1 045501 ssazos S = -
(0.100+0.010) (0.019+0.004) (0.019+ 0.004) (0.100+0.010)
(DG-8) (DG-14)
16 Pin 20 Pin
19.3 24.13
6 ©760) 4 20 0,950
€ ennannd -
e
@ ol S

S I 10
0.99(0.039) 1.53(0.060)

c

2.8min. 5.59max.
(0.110min.) (0.220max,)

0.48+0.1 2.54+0.25
(0.019£0.004)  (0.100+0.010)

(DG-20NA)

762
(0.300)

ozt
© .“\0‘_'%'.%2\

05

12
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PACKAGE INFORMATIONS

(DC-28)

28 Pin
35.02
28 (1.379) 5
Amaaannnannand
ofR
33
o <
- 15.24
% é (0.600)
E o
%8
o
weS
£3
2544 0.25 048301 B8 025284 |
(0.100+ 0.010) (0.019 + 0.004) Né (0.010+8:38%)

®m  Plastic Single-in-line Package

Unit mm (inch), scale: 1/1

3 Pin 3 Pin
5.2max.
0.209
A S 1l.5max(0.453max)
T | 2 9.8max.(0.386max.) 4.8max.(0.189max.)
?é E $3.6£0.2 1.5max.
5 = (90.142:+0.008) (0.058max.)
‘?: =y = ]
| &ls El
0.7(0.028)max. 2 |3 F]
0.75(0.03)max. £ S s
0.6(0.024)max. U - |
0.55(0.022)max. <825 — 3
I e3e cle Q
&S g
b g =3 2
V 21’3 / < =18 0.5max. (0.020max.)
L7 4 L7 | 3 3_075(0,030)‘ 2.8max. (0.1 |0max.)
(0.05 5
R P 25405
0.10) (0.100+0.020)
(TO-92M) (TO-220AB)
8 Pin 15 Pin
B 19.66(0.774)
S [ 205max.(0.807max)
+
° e | 19403 196(0172) 3‘“’"""&‘ Smax.)
+ 2 max
19.2(0.756) © (0820012} H (0.06max.)
K 20.32max.(0.800max.) A .
& had | o
b «“o L He =
e oo | | v
3 i $36£02 = 338
g s (pu1e2z008) | 28 g8 s
< ! -st.le | e Ui= 5|8
£ 8 025% 4 ==
~ S - (0.01028:38%)
O0:00)  (oissoow B S 1114025 | | 1214025 15 0255 3001023 380)
s (0.044+0.01) | | ](0.05£001) | 1.8:+0.25(0.071 £0.01)
= Tasetes 06£0.1 3.5+0.5(0.138 30.02)
(0.1£001) (0.024+0.004) 6.04%0.5(0.238 +0.02)
(SP-8) (SP-15TA)

G HITACHI
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PACKAGE INFORMATIONS

e T e

15 Pin 23 Pin
30.21(1.189)
= e 31.0max (1.22max.)
g .102+0.012)
e 19.66(0.774)
H $36402
= 20.5max(0.807max) 3.8max.(0.15max.) 20+0.2(0.787 +0.008) (40.142 3.8max.(0.15max.)
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RELIABILITY OF LINEAR ICs

In the following we review the reliability of linear ICs. The
introduction of this linear I1C series marks a big step forward
in reliability and meets the user's needs through their im-
provided reliability resulting from Hitachi’s mass production
technology and quality control.

1. CONCEPT OF QUALITY AND RELIABILITY

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

2. RELIABILITY OF SEMICONDUCTOR DEVICES

2.1 RELIABLITY TARGET

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

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

1. Purpose of use of TEG;

Clarifying the basic failure mode.

Grasping the relation between failure mode and manufac-

turing process condition.

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

@ Establishing QC point for manufacture.

2. Effectiveness of evaluation by TEG;

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

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

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

@® Easy to perform test.

Here described several concrete examples of reliability evalua-

tion by TEG.
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RELIABILITY OF LINEAR ICs

Table.2 Standard for Design Review

Hitachi Standard for Design Re'view

NASA Space System Standard for Design
Review.

Purpose

Securing reliability required in the market.

Assurance of performance required by the
program.

Definition promotion of broad technical capacity.

Systematical and organic confirmation and

Systematical and orderly application of broad
technical capacity.

Item of review Correction of defects in design.

Correction of defects in design.

Subject of review Designated types of products.

Contracted projects.

Time

Concept Intermediate design Final design.

Preliminary Before mounting Before rejease

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

Recommendation of improvement.

Authority

Presentation of advice.

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

(2) The design document is reviewed from the standpoint of
each specialist who participates in the review. If any
unclear item is found, a sub-program for calculation,
experiment or investigation is drawn up and executed.

(3) The contents or method of a reliability test is deter-
mined according to the design document and the
contents of the drawing.

(4) Checking whether the process capacity of the manufac-
turing plant is sufficient to achieve the design goal.

(5) Conference for preparation of production.

(6) 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.

Referance to past failure examples of similar types of
articles and confirmation of preventive measures against
recurrence of such failures, and planning and execution
of a testing program for confirmation.

Careful discussions for the above made at the design review
are carried out according to the check list specially
device and prepared according to each subject.

3. QUALITY ASSURANCE STRUCTURE OF SEMICON-
DUCTOR DEVICES:

3.1 ACTIVE OF QUALITY ASSURANCE:

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

(7)

18

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.

(1

(2) In order to maintain the process capacity at a goodlevel,
feedback of information is performed.
(3) Quality assurance aims at securing the desired reliability

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

3.2 QUALITY RECOGNITION:

In order to secure the desired quality and reliability, quality

of products recognition is carried out at the time of design

and trial; manufacture of devices and their mass production

according to the reliability design. The concept for recogni-

tion of the quality of products is described below.

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

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

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

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

(5) The process capacity and causes of variations are

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

3.3 QUALITY AND RELIABILITY CONTROL IN MASS
PRODUCTION

For quality assurance of mass production, the quality control

work is systematically and functionally assigned to the manu-

facturing and inspection departments including the related

departments. The entire function is shown in the flow chart

of Fig. 1.
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Fig.1 Flow Chart of Quality Control in Manufacturing Process

4. SELECTION OF PACKAGE TYPE AND
RELIABILITY

4.1 SELECTION OF PACKAGE TYPE

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

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

Open and intermittent open troubles are major causes of
reliability failure of the plastic-molded type IC. Fig. 2 indi-
cates open fraction failure rate in terms of year. In recent
years, the reliability in this aspect has been remarkably im-
proved. Fig. 3 shows the data of moisture resistance.
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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 I1C reliability test.
The items of criteria and measuring conditions vary with the
types of products.
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Table.3 Criteria for Failures of Linear ICs (Example)

Ltem Cn-tena of failure (Note) Unit Remarks
min max
Voltage gain U-3 U+3 dB
Rated output L x0.9 — W
Total harmonic distortion — Ux1.5 %
" Output noise voltage — UX1.5 V | Including pulse noise.
-2 | Input limiting voltage — U+3 dBu
'é Power supply current — UXx1.1 A
S | Input offset voltage — Ux1.5 \
_;é' Input offset current — UX1.5 A
: Input current & input bias current — Ux1.3 A
£ | Max. output voltage swing L x0.9 Ux1.1 \
;—c‘j Common mode input voltage range L x0.9 — \
Common mode rejection ratio — U+3 dB
Slew rate — UXx1.5 V/us
Open, Intermittent, Short, Half-short. _
Open & short Including high & low temp. defects.
o | Airtight leak Major leak & minor leak. Applied to airtight sealing type devices.
g.é:j Appearance According to limit sample. —
E; Rusting & discoloration According to limit sample. —
é Solderability According to limit sample. —
< Marking According to limit sample. —
Note! U : Initial limit max. value. L : 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 E\'q. of Failure No. of Totgl No. of Failure
samples testing failures rate* samples testing failures rate*
(pes* time {pcs (1/hr: (pes! time (pes i1/hr
High temp. Ta=125C
Operating life Vee=Vee uax 1,660 1,190,000 5 5.3x10°° 2,345 2,424,600 0 3.8x1077
(Vee=Vee max
Ta=150C 829 793,000 0 1.2x10°¢ 485 463,700 0 2.0x107°
Storage life Ta=—55C 509 509.000{ 0 1.8%10°¢ - - - -
Ta=—65C - - - - 376 376.000 0 2.4x10 ¢
Humidity Ta=65C, 95%RH 3,110 2,727.000 0 3.4x1077 - - - -
Ta=85C, 85%RH
Bias humidity Vee=Vee wax 443 443,000 0 2.1x10°¢ - - - -
(Vee=Ver wax
Temp. cyele ;)Sf:i;:mc 10,043 - 0 - 2,198 - 0 -
Temp. cycle life 2_0355!:1:50(: 4.280 - 0 - 900 - 0 -
Thermal shock 100 CC;CllttC 398 - 0 - 3 - 0 -
Solder heat 260°C, 10sec 404 - 0 - 305 = 0 -
1,500G, 0.5ms, directions of
Free "’°'? X.Y,and Z, each. 3 times 160 - 0 - %0 - 0 -
Vibration fatigue 60Hz, 20G, directions of X, Y, 160 _ 0 _ 20 _ 0 _
and Z,each. 32hrs
, X 100~2,000Hz, 20G, directions
Variable freq. vibration of X.Y,and Z cach.3 times 160 - 0 - 260 - 0 -
. 20,000G, directions of X, Y.
Constant acceleration and Z, each. 1 minute 160 - 0 - 260 - 0 -
Ta=121C, 2atoms
PCT 1=60hrs 360 - 0 - - - - -
Solderability BC, 5sec 160 - 0 - 300 - 0 -
. with rosin flux
225g,
Lead bend 90", 3 times 90 - 0 - 45 - 0 -

* Confidence level : 60%
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5.2 . RELIABILITY TEST DATA OF LINEAR IC:

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

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

6. FAILURE RATE AND DERATING

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

7. HANDLING FOR MEASUREMENTS

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

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

8. PRECAUTIONS FOR PHYSICAL HANDLING

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

8.1 FORMING AND CUTTING LEADS

When forming and cutting the lead wires of semiconductor

devices, be careful of the following points: '

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

(2) When bending the lead wires at right angles, make the
bend at least 3 mm away from the package end. Do not
bend them more than 90°. When they must be bent less
than 90°, allow a space of more than 1.5 mm.

(3) Do not repeatedly bend the leads.

(4) Do not bend them sideways.

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

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

8.2 SOLDERING

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

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

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

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

Washing time: Less than 30 seconds

@ HITACHI
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HA1 7080 Series @ 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.

H PRODUCT OUTLINE

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

Item HA17080 | HA17082 | HA17083 | HA17084

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

Offset
Adjusting Exist Not exist Exist Not exist
Terminal

Single Dual Quad.

Phase Com-
pensating External Internal
Method

B FEATURES

Wide operating supply voltage range +5to +18V
Low input bias current 30pA
Low input offset current S5pA
High input impedance 10'2Q
High slew rate 13V/us
Wide common mode input voltage range

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

Pin for pin compatible with Texas TLO80 series

BNOTE

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

HA17080PS, HA17082PS

(DP-8)
HA17083P, HA17084P

(DP-14)
HA17080GS, HA17082GS

(DG-8)
HA17083G

(DG-14)
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HA17080 Series

HPIN ARRANGEMENT
®HA17080

Offset ~/

Null/Comp E

Vz:l 4

V..HE 7| Vee
VA-(‘)E 6 | Vou

8 | Comp

Offset
Null

O@HA17082

Vssl 4

Voul E
84
V..m]E & 6| Vir2

(Top View) iTop View)
@®HA17083 O®HA17084
\ W/
Off
Vo] E E] Ofst Veul [1 4] Vot
Viwor1 E E‘ Vee Va1 [2 E Ve 14
et oy E 12] Vol Vi1 [3 12] Vit
Vee E E NC Vee E 11| Vee
et 2 E _1_o_| Vou2 Va2 [5 EI Vi3
Va2 E E Vee Va o2 [6 ‘ ZI Vi 13
Offset
Viair2 E E et Vo2 [7 z’ Veu3
(Top View) :Top View!
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol P, PS series G,GS series Unit Note
Supply Voltage Vee +18 +18 \Y
Supply Voltage Vee —18 —18 \Y
Differential Input Voltage Vincauss +30 +30 \%
Input Voltage Vin +15 +15 \Y 1
Power Dissipation Pr 625 625 mW 2
Operating Temperature Topr —20 to +75 —40 to +85 °C
Storage Temperature Toe —55 to +125 —65 to +150 ‘C
Notes 1. If supply voltage is less than =15V, input voltage is to supply voltage.
2. P and PS are permissible values to Ta=50°C, and beyond that, derate with 8.3mW/C. G and GS are permissible values to Ta=170°C, and beyond
that, derate with 7.8mW/C.
BMELECTRICAL CHARACTERISTICS (Vcc=—Vee=15V, Ta=25C)
Item Symbol Test Condition min typ max Unit Note
Non A — 5 15
Input Offset Voltage Vio Rs=500 - mV 1
A version — 3 6
Non A — 5 200
Input Offset Current Lo Lo=Iico,— 11| A version — p 100 pA 1
Input Bias Current I Non A — | 01 A | 1,2
en ,
nput Bias Curr i A vercion — 2 200 p
Common Mode Input Voltage Non A +10 - -
Vew \Y 1
Range A version +11 — —
R.210kQ 24 27 —
Peak To Peak Output Volt Vi v
eak To Peak Output Voltage or e 20 ” —
Vol Gai A R.22kQ Non A 88 106 — B 1
olt )
oltage Lain v Vo= 10V A version 94 | 106 —
X Non A 70 86 —
Common Mode Rejection Ratio CMR Rs=10kQ dB 1
A version 80 86 —

@ HITACHI
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HA 17080 Series

B ELECTRICAL CHARACTERISTICS (Continued)
Item Symbol Test Condition min typ max Unit Note

Line Regulati PSRR | Rs=10kQ Non A n L aB| 1

ine Hegulation o= A version 80 86 —
Supply Current Icc — 1.4 2.8 mA 3
Band Width BW Avp=1 — 3 — MH:z
o R s | Vem10V. Rim2aq, " v

ew Rate C.=100pF, Avp=1 #e
Channel Separation CS Avp=100 — 120 - dB
Rise Time t. V..=20mV, R.=2kQ, — 0.1 — Hs
Overshoot Viver C.=100pF, Avp=1 — 10 — %
Input Resistance R.. - 10" — o]
Input Noise Voltage Va Rs=100Q, f=1kHz — 35 n\/. Hz

Notes) 1. Non A is the standard to HA17080, HA17082, HA17083, HA17084.
A version is the standard to HA17080A, HA17082A. HA17083A, HA17084A.
2. It's Gate Leak Current of J-FET, and depends on temperature.
At the time of measurement, it is necessary to keep junction temperature.

3. It's the value per 1 channel.

B VOLTAGE OFFSET ADJUSTING CIRCUIT

B CIRCUIT SCHEMATIC

28

HA17080

7N

o Vee

+—W—o0 Vour

3
Vineoy L4
§ Offset Null/Compo- — — - — — — 4 kA
== i
Z5 Offset Null 0= —— P o
Z | Compor— - — e e e o
Comp o- 0 Vee J)to Vee
~ o
| 1
I 1
' :
é é
Offset Offset
Null(ND) Null(N2)

HA17083 only

GO HITACHI
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HA17080 Series

Peak-to-peak Output Voltage Swing Vor p (V)

Peak to peak Output Voltage Swing lop p (\7

Voltage Gain Avn (dB

PEAK TO PEAK OUTPUT
VOLTAGE SWING VS FREQUENCY

30

T
R.=10kQ

L

25

2kQ

20

Vee=+15V
Ver=-15V
10 T4 =25

100 1k 10k 100 k 1M 10M

Frequency f (Hz)

PEAK TO PEAK OUTPUT VOLTAGE
SWING VS LOAD RESISTANCE

30
I
Vee= +15V L
Vie= - 15V il
25 = Ta=25C /z =
1
20 v
N
15 //
/
10 /
7
0
0.1 0.2 0.5 1.0 2 5 10
Load Resistance Ry (ks
VOLTAGE GAIN VS AMBIENT
TEMPERATURE
150
125
100 7
75
50
Vee=+15V
25 |—Vee=—15V
Ri.= r kQ
-5 -2 0 25 50 75 100

Ambient Temperature Ta (C-

PEAK TO PEAK OUTPUT VOLTAGE SWING
VS AMBIENT TEMPERATURE

Peak-to-peak Output Voltage Swing Vop-p (V)

[

Peak to peak Output Voltage Swing Vor ¢

Voltage Gain Avp (dB

® HITACHI

30

I
RL=10k Q

25

2kQ

20

Vee=+15V
Vep=—15V

0
—50 -25 0 25 50 75 100
Ambient Temperature Ta ('C)

PEAK TO PEAK OUTPUT VOLTAGE
SWING VS SUPPLY VOLTAGE

30 T
R.L=10kQ /

Ta=25C
25 ‘ /

/

Supply Voltage Vee, Ver (V)

VOLTAGE GAIN VS FREQUENCY

150
Vee=+15V
Vee=—15V

125 RL=10kQ — |
Ta=25C

100 \

75 N

50 \

2 \\

0

1 10 100 1k 10k 100k 1M 10M

Frequency f (Hz)
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HA17080 Series

HA17080 VOLTAGE GAIN VS SUPPLY CURRENT VS AMBIENT
FREQUENCY TEMPERATURE
150 T 2.4
Vee=+15V
Vee=—15V
125 CL=3pF — 2.0
Ta=25C
z
@ ™S\ = 1.6 —
&l 100 \\ "
£ 75 o1z
8 N £
E \ 3
s 50 =z 0.8
S \ § Vee=+15V
\ » Ver=—15V
25 0.4 —No Input
No Load
\ Per 1 channel
. oL 1
10 100 1k 10k 100 k M 10M -50 -25 0 25 50 75 100
Frequency f (Hz) Ambient Temperature Ta (°C)
POWER DISSIPATION VS AMBIENT SUPPLY CURRENT VS SUPPLY
TEMPERATURE VOLTAGE
120 T 2.4 T
Vee = #15V Ta=25C
Vb= -15V
100 No Input — 2.0
— No Load =
H Per lch. i I
- 80 4 L6
Iy < —
) § L2
54 2 08
3 5
£ 7]
20 0.4
0
-50 -25 0 25 50 75 100 0 +3 *6 +9 t12 x15 +18
Ambient Temperatwre Tu (°C) Supply Voltage Vee, Vee (V)
INPUT BIAS CURRENT VS INPUT BIAS CURRENT VS COMMON
AMBIENT TEMPERATURE MODE INPUT VOLTAGE
10k . 120 -
1 Vees +15V
—Vee=+15V Vir= —15V
—Ver=—15V 100 [—Ta=25C
Viu=0V —
z z
2 1k — T80
= 7 =
E /A § /
H 5 60
3 7 3 1
2100 — s 40
E‘ Il E
~ 20
10 0
—-50 -25 0 25 50 75 100 -10 -5 0 5 10

Ambient Temperature Ta ('C) Common Mode lInput Voltage Vey (V)
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HA17080 Series

INPUT NOISE VOLTAGE VS

FREQUENCY
120
m m 11
Vee=+15V
Vee=—15V
- 100 Rs =100 7]
= Ta =25C
M -
H \\
Z 60
] h N
2
= 40 ™
3 ™ |
£
20
0
10 100 1k 10k 100

Frequency f (Hz)

COMMON MODE REJECTION RATIO
VS FREQUENCY

120 i
Voo = +15V
Ver=—15V
100 Ta =25C
) -

0 ™

20

AN

Common Mode Rejection Ratio CMR (dBi

10 100 1k 10k 100 k 1M 10M

Frequency f (Heo

VOLTAGE FOLLOWER LARGE SIGNAL
PULSE RESPONSE

] T 1
S Vee = +15V
| Ver = —15V

4 T T Ri. =2kQ—
| '\ ¢ =100pF
_ | Output '\ 14 =25¢
S | |
= 2 [ T
< ! I
° [ !
H 0 t +
= 1 !
= | Input —==f
3 | |
f: -2 | T
< | I
] |
— 4 4 4
_ﬁ A
_6 i
2 2 .

0 0.5 1 1.5

Time t (us)

Power Dissipation Pt (mW)

Line Regulation PSRR (dB)

Output Voltage Vaur (V)

G®@HITACHI

POWER DISSIPATION VS SUPPLY
VOLTAGE
100

T
Ta=25C
[ No Input
No Load
80
60 e
40 - /r
/,
20 % L
0

0 +3 +6 +9 +12 +15 +18

Supply Voltage Vee, Vie (V)

LINE REGULATION VS FREQUENCY

120
Ve - 115V
Ver 15V
100 Ta -25C
80 N

2 Ver

40 \ \

. \ \
\

10 100 1k 10k 100k 1M 10M

60 \\ \/‘ e
N

Frequency f (Hz)

HA17083 OFFSET ADJUSTING

+2.0
Vee = +15V
[ Ver=-15V
Rs=51Q
+1.0 —R/=5.1kQ
R =100k Q
/,
0
//
-1.0
-2.0 {
0 50 100

Resistor Position a (%)
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HA1 730 1 Sel‘ies @ Quad. Operational Amplifier

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

B FEATURES

® Wide range of Operating Temperature

@ Mono Power Source Operation is possible
® Internal Phase Compensation

® Small Input Bias Current (DP-14)

HA17301G

B CIRCUIT SCHEMATIC (1/4) (DG-14)

———0O Vee

HEPIN ARRANGEMENT

. S
Vaten I 1

=

s & F
FE

o]
Vour E % Vi e
Vino () Vez |'s 10 [ Veue
Vit E 3 Vours
Vinis) cno [ 7 EVm-u

(Top View)

O GND
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HA17301 Series

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

[tem Symbol HA17301P HA17301G Unit
Supply Voltage Ve 28 28 v
Non-inverted Input Current I, 5 5 mA
Sink Current Liu 50 50 mA
Source Current - 50 50 mA
Power Dissipation* Py 625 625 m\W
Operating Temperature T <20 to +75 40 to +85 °’C
Storage Temperature Tox =55 to +125 65 to +150 ‘C
* In HA17301P. it is a value under Ta =50°C, In case of more than it. 8.3mW/°C derating shall be done.
In HA17301G. it is a value under Ta*>70°C. In case of more than it. 7.6mW/'C derating shall be done.
HMELECTRICAL CHARACTERISTICS-1 (Vie=+15V, R, =5.0kQd, Ta=257C)
Item Symbol Test Condition min typ max Unit
Voltage Gain Avn 1000 1400 - V/V
I Non-inverted input:open - 7.7 10 mA
Supply Voltage -
Ine Non-inverted input: GND — 8.3 14 mA\
Input Bias Current I R, = = - 80 300 nA\
Current Mirror Gain A I, =2007A 0.80 0.94 1.16 A/A
Vi =0.4V 3 13 = | . mA
Source Current J
Vo =9.0V - 10 - mA
Sink Current [ Vo =0.4V 0.5 0.75 - mA
Vi 13.5 13.9 - v
Output Voltage Vi ow Inverted Input Driving - 0.04 0.1 \
Vi wa | Non-inverted input Driving - 0.55 - v
Output Resistance R. Inverted input Only 0.1 1.0 - MO
Slew Rate SRk Cr -100pk, R, <5.0kQ - 0.2 - \'/pes
Bandwidth BW A -1 - 2.6 - Mz
Phase Margin $m - 87 - deg
Power Source Rejection Ratio PSRR J = 100H~ - 63 - dB
Channel Separation CcS /- 1.0kHz - 63 - dB
B ELECTRICAL CHARACTERISTICS-2 (Vi = +15V, R =5.0kQ, -40°C = Ta<85C
Item Symbol Test Condition min typ max Unit
Voltage Gain A - 1400 - \V/V
Input Bias Current I - 80 — nA
Current Mirror Gain Drift A - t2.1 — Yo
Note  In HA17301P: V.. = 1 15V, R, =5.0kQ.  20°C > Ta275°C
INPUT BIAS CURRENT VS. SUPPLY CURRENT VS.
AMBIENT TEMPERATURE SUPPLY VOLTAGE (1)
o eots ) T ot
T Vs = open
120 12
- \‘
o ~ —
E 80 NG 1]
2 N 1
g AN
z A
= w N
20 2
-40 -20 0 20 40 60 80 100 0 4 8 12 16 20 24 28
Ambient Temperature Ta (°C: Supply Voltage Vee (V)
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HA17301 Series

SUPPLY CURRENT VS.
SUPPLY VOLTAGE (2)

CURRENT MIRROR GAIN VS.
AMBIENT TEMPERATURE

14 — 1.00
Eil ] EEEELE
, Viir= Grounded Viul +) 1 2005 A" thr. 100k
= w
£ — >
5 ] ~ o0ss
= [ = 0
£ 3 i = —1
z |~ 3 ——
5 - 5 1
Ea =
) s
s, £ 090
2
0
o 1 ® 12 16 20 24 2 -40  -20 0 20 40 60 80 100
Supply Voltage Veo (V3 Ambient Temperature Ta (°C)
SOURCE CURRENT VS.
SUPPLY VOLTAGE SINK CURRENT VS. SUPPLY VOLTAGE
28 14 -
EE o
Ta=257T Vor =0.4Vde
2 Vou=0.4Vde™] 12 t
T o L 10
£ B
N 16 T o8
= I = |
g —1" E
R 506
(&} K
g /// 3
I Z 04
4 02
0 n g 17 1% 20 2 2% 0 1 ¥ 12 16 20 24 28
Supply Voltage 1'cc (V) Supply Voltage Vee (V)
VOLTAGE GAIN VS,
VOLTAGE GAIN VS. FREQUENCY AMBIENT TEMPERATURE
80 " T
ULRAN) _
m Vee=15V |l Vee=15V
" I ] i
60 z 70
= =
= 50 N s
2 =68
= =
£ 40 N 8
S N
© & 66
. N F
2 30 =
3 =
= \ 64
20 N
N 6
10 z
0 N 60
0.1k 1k 10k 100k M 10M —40  -20 0 20 40 60 80 100
Frequency f (Hz) Ambient Temperature Ta (‘C)
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HA17301 Series

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 O-cross
bandwidth, small input bias current, large open loop voltage
gain, etc.

HA17301 applications will be explained below.

1. HA17301 Circuit Operation

Op Amp 1

Bias Circuit

Fig.1 HA17301 Internal Equivalent Circuit

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

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

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

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

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

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

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

Emitter current of Qg (Ig,) is;

- VI)3+VD4_ VBE8

Jog= 23T VD4 TBES it
Es Rz (1)
where; Vp; .......... voltage drop of D3
Vpy4 eeeeeeeee VOItage drop of D4
VBES ........ VBE of QB
When these elements are all matching;
Vos=Voa=Varg= Vg soreerrrrrmmrmmmmmnannins (2)
_ Vae
F8= R (3)

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

1,‘:9= V')Z+VD3+V}[€4 V*VD" _Van .................. (4)
3
When these elements are all matching;
Vie=Vos=Vos=Vips=Varo=Vag -oorreeereees (5)
cpe=Yee e,
ey = R (6)

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

2. Inversion Amplifier

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

2.1 Mono Power Source Biasing Method

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

+—Q

Fig.2 Mono Power Source

v Biasing Method
Vo __R:
V. R, (7)
2.2 NVgg Biasing Method
R __I"
1MQ
C'i R Vae
0.1uF  100k2 1}
b—0 Vour
Vi R, 3822
47 i

Fig.3 NV:.. Biasing Method
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HA17301 Series

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

Ve _ Ro

‘/m — Rl .............................................. (8)

3. Triangular Wave Generator

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

$——0 Vourt

13 100kQ

0 Vourz

Rs

120kQ

Fig.4 Triangular Wave Generator

Voz

Von

Iz

- Toi -~ Ton

Vou,

=0

Fig.5 Operation of Triangular Wave Generator

~ GRRVou e,
Tor= Rs (V' — Vi) o
- CR V'
Ton= Py Vou V= VBL‘) 10
"\ R: R,
Under the conditions of R, =2R,, Vou=V*, V* >Vgg;
Tt Ty = 2ORRS w
5

Vous

Fig.6 Operation Waveform of Triangular
Wave Generator
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Table 1
Item | Test Condition v;?j:red S:Ilcuuelated Unit
/e =15V,
Tou V- =15V. 1.06 0.83 |ms
Cy =0.001u1,
Triangular To ﬁn = ‘13(%‘1\)0 0.82 0.83 |ms
) =
Wave Generator Vorn II§: - ig/?‘(li{l 13.5 14 v
Vo 1.5 1.5 \'

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

4.1 Positive Input Voltage Comparator

!

+ Vin 0—AAA—— ] —
1MQ

10 Vour
+ Vrer o—AM——— +
1IMQ

Fig.7 Positive Input Voltage Comparator

Vout is equal to Vo4 under I"<I*, and Vout is equal to Vo
under 1">1*. For normal operation, the reference voltage
should be more than Vgg.

28 T
Veo =28V
24
20 20
=6
- 15
-2
10
8 R
Vaer =5V
5
4
3
0 I 3 4 9

Vi (V)

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

2
2
! V=415V
16/
=
J
=
sfoH=1= - E —H=
3
R
LN
0 E 5 R 0114 16 Ik

Vi (V)

Fig.9 Operation Characteristics of
Positive Input Voltage Comparator (2)
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HA17301 Series

4.2 Negative Input Voltage Comparator

v
Ry ]» Ri

200k€ 200kQ

Ry
Voo -
100kQ 7
Vour
Rz
Vit Ot — +
100kQ r

Fig.10 Negative Input Voltage Comparator

VIN>R|{VBF,<RL‘+1;—4 —‘RL4} ...................... 19
Veer >R2 : VBE(RLz_FRLg — KB } .................... 13

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

Vout is equal to Vg under I” <I* and Vout is equal to Vo
under "> I*,

9

T
2 ;
GEREOT
5020 =
s +204 |
= s
o
?!P I ~—4
2 ——+15
1 =
z ' i
2, ! 1
| +10-—
' Vrer = -1V
+5— ] -
0 +3
s - -1 =% -2 : Kd

Input Voltage Vi (V)

Fig.11 Operation Characteristics of
Negative Input Comparator (1)

20

V=I5V

Output Voltage Viw (V1)
<
= =5V

x

Veer

0
-6 =5 -4 -3 -2 -1 0

Input Voltage Vi (V)

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

4.3 Power Comparator
By adding a TRS externally, a load that requires a current

larger than the output current of HA17301 can be connected
as shown below.

12ESR
AUmA
LAMP
159
Vit b o o
MY
-W-v——r 25C 158K
3
T
IMQ

Fig.13 Power Comparator

1V

Output Voltage Vou (V)
=

VRE

0 2 10 12 14 6 [E
Input Voltage Via (V)

Fig.14 Operation Characteristics of
Power Comparator Vcc =15V
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HA17324 Series oo

Operational Amplifier

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

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

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

® |nternal Phase Compensation

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

B CIRCUIT SCHEMATIC (1/4)

HA17324G

(DG-14)
HA17324P
HA17324

(DP-14)

® ®
Q2 Q
Input — Q Q¢ =c
Input + O——
l%m Quz
Lt ®
»r nr 77

HEPIN ARRANGEMENT

Qutput
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HA17324 Series

B ABSOLUTE MAXIMUM RATING (Ta=25C)

Item Symbol HA17324G HA17324P HA17324 Unit
Supply Voltage Vee 32 32 32 A
Sink Current Lk 50 50 50 mA
Power Dissipation Pr 625* 625** 625** mW
Common Mode Input Voltage Vew —0.3 to Vce —0.3 to Vec ~0.3 to Vee \Y
Differential Input Voltage Vin cayys +Vee + Vee +Vee \Y
Operating Temperature Tope -20 to +75 —20 to +75 0 to +70 °C
Storage Temperature Tets -60 to +150 —55 to +125 -55 to +125 ‘C
* Value under Ta<70°C. In case of more than it. 7.6mW/°C derating shall be done.
% % Value under Ta<50°C. In case of more than it. 8.3mW/°C derating shall be done
HELECTRICAL CHARACTERlSTICS (Vee=+15V, Ta=25C)
[tem Symbol Test Conditions min typ max Unit
Input Offset Voltage Vio Vew=17.5V, Rs=50Q, R, =50kQ — 2 7 mV
Input Offset Current Lo Lo=1L =L+, Vew=17.5V - 5 50 nA
Input Bias Current I Vew=17.5V - 30 500 nA
Power Source Rejection Ratio PSRR | /=100Hz, Rs=1kQ, R, =100kQ — 93 — dB
Voltage Gain Avo Rs=1kQ, R, =100kQ, R, = 75 90 - dB
Common Mode Rejection Ratio CMR Rs=50Q, R,=5kQ — 80 — dB
Common Mode Input Voltage Range Vew s=1kQ, R, =100kQ, /=100Hz 0.3 - 13.5 \
Peak-to-peak Output Voltage Vir » /=100Hz, Rs=1kQ, R,=100kQ, R. =20kQ — 13.6 - \Y
Output Source Current Liource V=1V, V.. =0V, Von=10V 20 40 — mA
Output Sink Current ) V.o =0V, V.. =1V, VoL=25V 10 20 — mA
Supply Current Iee V..=GND, R, = — 0.8 2 mA
Power Dissipation Pr R. =0, V.=GND — 12 30 mW
Slew Rate SR f=1.5kHz, Vew=7.5V, R.=m - 0.19 — V/pus
Channel Separation CcS S=1kHz — 120 — dB
VoL =200mV 15 50 - rA
Output Sink Current Lsink Vit =0V, Vi =1V
VoL=1V 3 9 - mA
Ion=—1mA 13.2 13.6 -
Vou \4
Ton=—10mA 12.0 13.3 -
Output Voltage
VoL Tor=1mA - 0.8 1.0 v
IToL=10mA - 1.1 1.8
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HA17324 Series

Output Source Current vs Ambient Temperature
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Input Bias Current vs Ambient Temperature.
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Voltage Gain (dB)

HA17324 Series

120

100

80

60

Vc;ltage Gain vs Frequency

T
Vee=15V
Ta=25C 171
Ri=o
\\
\\~~
\\
\~~~
\\
\\~~
\\
\\~~
N
10 30 100 300 1k 3k 10k 30k 100k 300k M
Frequency (Hz)
Common Mode Rejection Ratio vs Frequency
120 - T T 117
Vee=15V
T.=25°C 14
Rs=50Q
100
‘o
N
=
% 80
o \\
5 ™
3 N
) N
K 60 P g
g N
™N
= n '\
£ 40 ~
£ N
£
3 N
20 ™
0
100 300 1k 3k 10k 30k 100k 300k ™M
Frequency (Hz)
G HITACHI 4




HA1 7358, HA1 7904 Series @Dual Operational Amplifier

HA17904, HA17358 are dual operational amplifiers, which HA17904GS
provide internal phase compensation and high gain, and
mono power source operation is possible. It can be widely
applied to control equipment and to general use.

Industrial Use . . . . . ... .... HA17904GS, HA17904PS
Commercial Use . . . . . .. oo v v HA17358
Il 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 0V

is available. (DG-8)
® Frequency Characteristics and Input Bias Current are tem- HA17904PS
perature compensated. HA17358

H CIRCUIT SCHEMATIC(1/2) w

Q2 Q3
Input — Q Q —c (DP-8)
Input +O— Qutput
Qs Qs
kd nr w7
B PIN ARRANGEMENT
]

Output 1| 1 X | Vee
-+
Input l'l 2 7 | Output 2
Input 17| 3 6 | Input 2
GNDI 1 i | Input 27

(Top View)

LILTETL]
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HA17358, HA17904 Series

HABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA17904GS HA17904PS HA17358 Unit
Supply Voltage Ve 32 32 32 \
Output Sink Current Loink 50 50 50 mA
Power Dissipation Py 570* 570** 570 mW
Common Mode Input Voltage Vew =0.3 to Vee —0.3 to Vee —0.3 to Ve \Y
Differential Input Voltage Vincasr) + Vee + Vee +Vee \Y%
Operating Temperature Tope —40 to +85 —20 to +75 0 to +70 °C
Storage Temperature Toin —65 to +150 -55 to +125 | —55 to +125 °C
*  Value at Ta<75C. In case of more than it, 7.6mW/°C derating shall be done in HA17904GS.
* *Value at Tu=55°C. In case of more than it, 8.3mW/°C derating shall be done in HA17904PS and HA17358.
MELECTRICAL CHARACTERISTICS (Vcc=15V, Ta=25C)
Item Symbol Test Condition min typ max Unit
Input Offset Voltage Vio Vew =7.5V, Rs=50Q, R.=50kQ — 3 7 mV
Input Offset Current Lo Veu=17.5V, Lio=|Iir— I~ | — 5 50 nA
Input Bias Current I Vew=17.5V — 30 250 nA
Power Source Rejection Ratio PSRR | f=100Hz, Rs=1kQ, R, =100kQ — 93 — "dB
Voltage Gain Avu Ri.=w, Ry=1kQ, R, =100kQ 75 90 - dB
Common Mode Rejection Ratio CMR R, =500, R,=5kQ — 80 — dB
Veweny | Rs =1k, R, =100kQ 13.5 — - v
Common Mode Input Voltage Range
) Viw oy | Rs=1kQ, R, =100kQ — — -0.3
Peak-to-peak Output Voltage Vopsp f=100Hz, R, =20kQ, R,=1kQ, R, =100kQ — 13.6 — \Y%
Output Source Current Loure Vin+=1V, Vin =0V, Vor=10V 20 40 — mA
Output Sink Current Link Vin==1V, Vix+ =0V, VoL=25V 10 20 — mA
Output Sink Current Lk Vin =1V, Viy+ =0V, V..,=200mV 15 50 — MA
Supply Current Iee Vix=GND, R,=w — 0.8 2 mA
Power Dissipation at no load Py Ri.=o, Vin=GND — 12 30 mW
Slew Rate SR Ri=wx, Vew=17.5V, f=1.5kHz — 0.2 — | V/ps
Channel Separation CcS f=lkHé — 120 — dB
Note) As for the characteristic curve, refer to HA17902.
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HA17458 Series eo.: owtons ampiier

HA17458 is a dual operational amplifier which provides

internal phase compensation and high performance. It can be HA17458GS
applied widely to measuring control equipment and to

general use.

Industrial Use . . . . ... ... .. HA17458GS, HA17458PS

Commercial Use . . ................. HA17458

B FEATURES

® High Voltage Gain . . .. ........... 100dB (typ)

® Wide Output Amplitude . . . £13V (typ) [at R 2 2k}

® Protected from output shortcircuit
@ internal Phase Compensation

(DG-8)

HA17458PS
HA17458

B PIN ARRANGEMENT

N4

Vout 1 E E Vee

(DP-8)

V()12 {7] Vo
V(=13 &E Vin(—)2
VEEE E],V‘."'(_‘_ )2

(Top View)

B CIRCUIT SCHEMATIC(1/2)

—Q Vee

Vinsy

Vi) O

L

to Vee

O Vee
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HA17458 Series

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA17458GS HA17458PS HA17458 Unit
Vee +18 +18 +18 v
Supply Voltage Vir 18 18 18 v
Power Dissipation Pr 670* 670** 670** mW
Input Voltage Vi *** +15 +15 +15 \
Differential Input Voltage Vincas +30 +30 +30 \Y
Operating Temperature Topr -20 to +75 —20 to +75 0 to +70 ‘C
Storage Temperature T —65 to +150 | —55 to +125 | —55 to +125 ‘C
* Value under Ta<65°C. In case of more than it, 7.6mW/°C derating shall be done.
* * Value under Ta<45°C. In case of more than it. 8.3mW/°C derating shall be done.
% * *]f the Supply voltage is less than 15V, input voltage shall be less than supply voltage.
B ELECTRICAL CHARACTERISTICS-1 (Vec= —Vge=15V, Ta=25C)
Item Symbol Test Condition min typ max Unit
Input Offset Voltage Vio R.<10kQ - 2.0 6.0 mV
Input Offset Current Lo - 6 200 nA
Input Bias Current I, - 30 500 nA
Line Regulation aVio/ A Ve R.<10kQ - 30 150 »V/V
AVio/A Ve R.£10kQ - 30 150 pV/V
Voltage Gain Avp R.22kQ, V,.=+10V 86 100 - dB
Common Mode Rejection Ratio CMR R.<10kQ 70 90 — dB
Common Mode Input Voltage Range Vew +12 +13 — \
Peak-to-peak Output Voltage Vir » R.=10kQ +12 +14 — A
Power Dissipation Pr No load, 2 channel - 90 200 mW
Slew Rate SR A.=1 - 0.6 — V/us
Input Resistance R.. 0.3 1.0 - MQ
Input Capacitance C.. - 6.0 - pF
Output Resistance Rou - 75 - [¢)
W ELECTRICAL CHARACTERISTICS-2 (Vcc=— V=15V, Ta=—20 to +75°C,
For HA17458, Ta=0 to +70°C)
Item Symbol Test Condition min typ max Unit
Input Offset Voltage Vio R.<10kQ - - 9.0 mV
Input Offset Current Lo - - 400 nA
Input Bias Current I - - 1100 nA
Voltage Gain Avp R.22kQ, V.= 110V 80 - — dB
Peak-to-peak Output Voltage Vir » R.=2kQ +10 +13 — v
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HA17458 Series

Input Offset Voltage Vio (mV)
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AMBIENT TEMPERATURE
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Input Bias Current I; (nA)

Power Dissipation Pr (mW)
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HA17458 Series

Power Dissipation Pr (mW)

Vohage Gain Avp (dB)

POWER DISSIPATION VS.
SUPPLY VOLTAGE
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HA17458 Series

MAXIMUM OUTPUT VOLTAGE MAXIMUM OUTPUT VOLTAGE
SWING VS. FREQUENCY SWING VS. LOAD RESISTANCE
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H A1 7 4 7 4 S e r i es @®Quad Operational Amplifier - Pre"mi nary—

HA17474 is a quad operational amplifier with provides
internal frequency compensation and high performance. If
can be applied widely to measuring control equipment and to
general use.

® Industrial Use . HA17474G, HA17474P

® Commercial Use . .. .. HA17474

HAI17474G

FEATURES

High Speed . . 1.9V/us
Continuous Short-circuit Protection
Low-noise

Internal Frequency Compensation

(DG-14)

HA17474P
HA17474

(DP-14)

ECIRCUIT SCHEMATIC (1/4) HPIN ARRANGEMENT

QO Vee

. \
Qutput A| 1 14 )Output D
C () CD A—Input{ 2 ﬁ ﬁ 13 ID—Input
Ve 4 A+Input| 3 12 ,D+lnput

Vee| 4 11 IVEE
Vint-y
B+Input| 5 10 JC+Input
Vout
B—Input| 6 9 'C—Input

Output B 7

LA

to Vee

1Rl

(Top View)
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HA17474 Series

B ABSOLUTE MAXIMUM RATINGS (7. =25°C)

Item Symbol HA17474G HA17474P HA17474 Unit | Note
Power Supply Vee +20 +20 +20 \Y%
Vee -20 —20 —20 \%
Power Dissipation Pr 750* 750** 750** | mW | 2
Common-mode Differential Voltage Vinwisp +30 +30 +30 A%
Common-mode Input Voltage Veu +15 +15 +15 Vi1
Operating Temperature Range Topr —20~+75 —20~+75 0~ -+70 °C
Storage Temperature Range Tug —65~ +150 —55~+125 —55~ +125 °C
Note 1) For supply voltage less than +15V, the absolute maximum input voltage is equal to the supply voltage.
2) *  Value under T.<65°C. In case of more than it, 7.6mW/°C derating shall be done.
* * Value under 7.<45°C. In case of more than it, 8.3mW/°C derating shall be done.
BELECTRICAL CHARACTERISTICS (7.=25°C, Vec=+15V, Vee=—15V)
Item Symbol Test Condition min typ max Unit
Input Offset Voltage Vio Rs=10kQ — 1.0 5.0 mV
Input Offset Current Iio - 30 50 nA
Input Bias Current Iis - 100 | 300 nA
Voltage Gain Av RLz2kQ, Vo==£10V 88 94 - dB
Maximum Output Voltage Voo-p Ru210kQ £12 | 137 - v
RL=2kQ +10 | £12.5 - v
Common-mode Input Voltage Range Veu +12 +14 - A%
Common-mode Rejection Ratio CMR Rs=<10kQ 80 90 - dB
Supply Voltage Rejection Ratio SVR Rs=10kQ — 50 100 | uV/V
Power Dissipation Pr 4-channel, No Load - 150 210 mW
Slew Rate SR Av=1 - 1.9 — V/us
Equivalent Input Noise Voltage Vi Rs=1kQ, f=1Hz~1kHz - 9 - nV//Hz
Channel Separation CcS f=1kHz - 108 - dB

50
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H A1 7 5 5 8 S e ries @ 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, HA17558PS
Commercial Use . .. ................ HA17558
BFEATURES

® High Voltage Gain . . . .. .......... 104dB (typ)
® HighSpeed . ................0.00.... 1V /us
® Continuous Short-circuit Protection

® |ow-noise operational amplifiers

® Internal Frequency Compensation

BPIN ARRANGEMENT

Output A E B Vee

Inv. 3 Output B

HA17558GS

(DG-8)

HA17558PS
HA17558

Input A z A
A E - ] o
n-Inv. DP-8
Vee E 5 ;\‘:pu\l B ( :
(Top View)
B CIRCUIT SCHEMATIC(1/2)
O Vee
Vit O
Vin(-) 0——{\‘ _}— !
Vour

to Vee

| Ol

K K
o
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HA17558 Series

BABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol HA17558 HA17558PS HA17558GS Unit Note
Vee +18 +18 +18 \
Power Supply Ver ~18 —18 —18 v
Common-mode Differential Voltage Vincasn +30 +30 +30 v
Common-mode Input Voltage Vew *15 *15 +15 A% 1
Power Dissipation Pr 670" 670** 670**( mW 2
Operating Temperature Range Topr 0~+70 —20~+75 —20~+75 ‘C
Storage Temperature Range Tus —55~+125 —55~+125 —65~+150 ‘C
Note 1.) For supply voltage less than 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 2.)% Value under Ta<65C. In case of more than it, 7.6mW/°C. derating shall be done.
* * Value under Ta<45°C. In case of more than it, 8.3mW/°C. derating shall be done.

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

Test Item Symbol Test Conditions min typ max Unit
Input Offset Voltage Vio R.<10kQ — 0.5 6 mV
Input Offset Current Lo - 5 200 nA
Input Bias Current Lip - 50 500 nA
Voltage Gain A, R, 22k, V,==£10V 86 104 - dB
Maximum Output Voltage Vor » R.=10kQ2 +12 +14 — \'
Maximum Output Voltage Vor o R, =22k +10 +12.4 — A
Common-mode Input Voltage Range Veu +12 +14 — \
Common-mode Rejection Ratio CMR R.=10kQ 70 100 - dB
Supply Voltage Rejection Ratio SVR R.<10kQ - 110 150 #\/V
Power Dissipation Pr 2-channel, No load - 90 170 mW
Slew Rate SR A, =1 - 1.0 - V/us
Equivalent Input Noise Voltage . Vi R.=1kQ - 6 - m#Vp-p
Channel Separation CS f =1kHz - 105 - dB

B TYPICAL PERFORMANCE CHARACTERISTICS (Ta=25C)

OPEN LOOP VOLTAGE GAIN VS. MAXIMUM OUTPUT VOLTAGE VS.
FREQUENCY FREQUENCY
120
Vee=15V
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L 60 AN > \
ki \ 3 16
P N S n \
£, N i \\
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0 \ ]

1 10 100 1k 10k 100k M 10M 100 1k 10k 100k M

Frequency [ (Hz) Frequency f (Hz)
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HA17558 Series

Output Voltage Vo (V)

Maximum QOutput Voltage Vop-p (Vp pi
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HA17558 Series

COMMON-MODE INPUT VOLTAGE VS.
SUPPLY VOLTAGE

20

L

10 /

Common-mode Input Voltage Vey (V)

Supply Voltage (V)

SLEW RATE VS. SUPPLY VOLTAGE

12
@ 10
2
zZ J=1kHz
= Ri.=2kQ
Cr=100pF
g 08 Ta=25C ]
& =1
3
2
» 0.6
04
+4 +6 +Y +12 +18 *15

Supply Voltage (V)

INPUT OFFSET VOLTAGE VS.
SUPPLY VOLTAGE

4
=
E
S
S
o
E} —
> 0
=
H
K
S
)
]
H
=
—4
*4 +6 +9 +12 +15 +18

Supply Voltage (V)

54 G HITACHI
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HA17558 Series

Slew Rate SR (V’'us)

Hz)

Input Offset Voltage Vio (mV)

Input Noise Voltage Vy; (nV.'
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Short Curcuit Current Jos (mA)

Common-mode Rejection Ratio CMR (dB)
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HA17558 Series

POWER SUPPLY REJECTION RATIO VS. ’ VOLTAGE GAIN VS. AMBIENT
AMBIENT TEMPERATURE TEMPERATURE
130 I
Vee =15V Vee =15V
@ Ver=-15V Ver=-15V
S o 120
£ _
2 3
3 100 < 110
& 920 T
= B3
2
S 80 90
£
&
70 80
-20 0 20 40 60 80 -20 0 20 40 60 80
Ambient Temperature Ta (C! Ambient Temperature Ta (°C)
POWER SUPPLY REJECTION RATIO COMMON-MODE REJECTION RATIO
VS. FREQUENCY VS. FREQUENCY
120
o AR s T T
E Vep= 15V = vee=15v Il
= 00y £ 100 sl
= s = <l a=25TC
- N 2 N fr=m
3 80 S n’:’ 80 K
s \\ g NN
F i £ 60 ™
= P & N
o
> 40 ™ 2 3 4 ™
: 5 ~
2 g
% 20 g
0 0
100 300 1k 3k 10k 30k 100k 300k 1M 100 300 1k 3k 10k 30k 100k 300k M

Frequency / (Hz) Frequency f (Hz)

56 G HITACHI



T.H.D. (%)

HA 17558 Series

B CIRCUIT EXAMPLE

RIAA PRE-AMPLIFIER

+15V
0.00224 F 0.014F
"
1004 F
36k0 390kQ -
33uF Output
HAL7558 EIL
Input 20k 33uF
§10ku
56kQ

T.H.D. VS. OUTPUT VOLTAGE
(RIAA PRE-AMP.)

VOLTAGE GAIN VS. FREQUENCY
(RIAA PRE-AMP.)

10 60
TTTTTI
Vee=15V
- Veg=—15V
03 50— X
Y h
0.1 by :
: HH ~ 40 N
= 20kHz FEFH z N
AN =
il N
0.03 S 5 n
/ %
e ) 2 N
o N
0.01 OkHz 0 N
1kHz N
oty
0.003 10
20Hz
0.001 l” 0
001 0.03 01 03 1.0 3 10 10 30 100 300 Tk 3k 10k 30k 100k
Output Voltage (Vrms) Frequency f (Hz)
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H A1 7 7 1 5 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 filter, wide band width amplifier, comparator, sample
hold circuit, and general feedback circuit required wide band

width from DC.

B FEATURES

® Slew Rate
® Fast Settling Time
® Wide Band Width

@ CIRCUIT SCHEMAITIC

100V /us (typ)
300 ns (typ)
65MHz (typ)

(DG-14)

M PIN ARRANGEMENT

, 1 Vee
Re 3 ® Red ]
ply o ) s o [ o
b ———— Qe
I3 Comp X Comp Bz Qz 1 Comph E EI Vee
[k ) R A ) | Qs
Comp 4 —{fj:oi b rna | Rae CascudeE 12 | Compz
omp B | ! o
O 0 S (P ' i Qe oV
Covond , e Vin(- E E] Vot
— % B — i 50
U} R““’“ = $Ra Vinl +) E ﬂ Vee
IS 10k JEEDES
—
e a
%R ; Rl?\skn NC E _u__l ¢
S fam Taw Ver
(Top View)
@ ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol HA17715G Unit
Supply Voltage Vie +18 \
Supply Voltage Vir —18 v
Power Dissipation Pr*» 625 mW
Common Mode Input Voltage Vewr *+15 \Y
Differential Input Voltage Vi ay *15 \
Operating Temperature Tope —20 to +75 ‘C
Storage Temperature T —65 to +150 °‘C
*1f supply voltage is less than - 15V, input voltage is to supply voltage.
* *It's a permissible value to Ta=70°C, and beyond that, derate with 7.6mW/°C
B ELECTRICAL CHARACTERISTICS-1 (Vie=— V=15V, Ta=25C)
Item Symbol Measuring Condition min typ max Unit
Input Offset Voltage Viu Rs<10kQ2 - 2.0 7.5 mV
Input Offset Current L - 70 250 nA
Input Bias Current I, - 0.4 1.5 HA
Line Reguration 2 5:':;2 ‘é’}'} R;=10k2 - 45 400 wV/V
Voltage Gain Aviy "R.=2kQ, V=10V 10000 30000 - v/vV
Common Mode Rejection Ratio CMR Rs=10kQ 74 92 - \
Common Mode Input Voltage Range Vew +10 *+12 - \
Supply Current I 5.5 10 mA
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HA17715G

B ELECTRICAL CHARACTERISTICS-1 (Continued)

Item Symbol Measuring Condition min typ max Uuit
Power Dissipation Pr — 165 300 mW
Band Width BW Avp=1 - 65 - MHz
Ac=100 - 70 - V/ps
- - - v
Slew Rate SR Ac. =10 38 Jus
Ac.=1(positive phase) 10 18 - V/ps
Ac.=1(negeative phase) — 100 — V/us
Transient Stable Time taco Vou=5V, Ac.=1 - 800 - ns
Settling Time tsTo Act=1 — 300 - ns
Rise Time t. Va=400mV, Ac.=1 - 30 75 ns
Overshoot Viser Va=400mV, Ac.=1 - 25 50 %
Input Resistance R.. — 1.0 - Ma -
Output Resistance Rout — 75 - Q
Temperature Drift AVie/AT - 6 - #V/°C
B ELECTRICAL CHARACTERISTICS-2 (Vcc=—Vee=15V, Ta=—20 to +75°C)
Item Symbol Measuring Condition min typ max Unit
Input Offset Voltage Vio Rs<10kQ - — 10 mV
Inout Offset C ! Ta=175C - - 250 nA
npu set Current ) Taz —20C — — 750 A
Ta=75C - - 1.5 HA
Input Bias Current I Ta=0C - - 7.5 HA
Ta=—20C - - 10 HA
Voltage Gain Avp R.22kQ, V,.,==x10V 7000 - - V/V
Peak To Peak Output Voltage Amplitude Vor » R.22kQ +10 +13 - \
INPUT OFFSET VOLTAGE VS.
DEFINITION OF TRANSIENT RESPONSE WAVEFORM AMBIENT TEMPERTURE
4.0 T T T
T F—  Settling Time —= IVee = Vpp =15V
| [ | tRg =10kQ T
| | | i .
1109 ——t- = == == === 4o m =\ m o Ao mm oo = i
! | €
100% == r < .
90% ——F—=--~—-F--—--\—-- o mom oo = !
| ' 3
| | 3 20 — |
i : . I |
| ' &
1 1 c
1 ! -
i | H
1 |
i |
] I
1 |
| |
Transient | 0
le—————— Stable Time ——= =20 20 10 60 80
Ambient Temperature Ta ('C)
@G HITACHI 59



HA17715G

PHASE COMPENSATED CAPACITANCE VALUE FOR CLOSED LOOP GAIN VS.
CIRCUIT PHASE COMPENSATION COMPENSATED CAPACITANCE
Closed . . 10k
&n G G G Vg=tIsV ]
1000 10pF - -
100 50pF - 250pF Sy
10 | 100pF | 500pF | 1000pF _ N
1 | 500pF | 2000pF | 1000pF & '
£ ] TTHHE ™
© 100 1
—+ R
N
A}
\
10
1 10 100 1.000
Closed-loop Gain Avcry (V/V)
INPUT BIAS CURRENT VS. LINE REGULATION VS.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
0.8 T T 100 I I
Vee=-Vgp =15V L %
z N
< 06 =
EY > 1
- N ’
o :
5 RE \\ %;‘ 50
H \ s2 I
@ \\ :n 5 :
~ :
02 =
&
5
0 0
-40 0 0 30 120 ~20 20 a0 60 80
Ambient Temperature Ta ('C) Ambient Temperature Ta ('C)
VOLTAGE GAIN VS.
VOLTAGE GAIN VS. FREQUENCY AMBIENT TEMPERATURE
120 T T I T T T T
pima e A B ] T
a i ; . i et ' Vee=-Vegp =15V
= i = :."P“”‘ BNl S0k Ry =2e
g TITSCRRE W -
= K il \: v\}N \\Qf'ﬁ B ] Z
= o ld } > 40k
3 i | NN, !’.@l‘, -
% ol il | : NN z
2 l T IROINE TR £ 30k
7 fri— ' - ne A\ 3
it ji i i H
il | i K]
oL 1k 10k ‘\mk ™ ImM 100M R
Frequency f (Hz)
10k
0
20 2 30 60 80

Ambient Temperature Ta ('C)
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HA17715G

COMMON MODE REJECTION RATIO VS. PEAK TO PEAK OUTPUT VOLTAGE VS.

AMBIENT TEMPERATURE AMBIENT TEMPERATURE

130 I +16 T

RsS10kQ " e
~ s +
2w Vs=£15V =
‘C j
= . +8
< 110 2
E 2 o+
= 100 :
b & 0
S % w — 2
e =
1 5 4
= w0 s
g = -8
H o}
£ = _
S 10 -12 =
J‘
-16
%0 10 20 30 40 50 60 70 8 ~100 +100
Ambient Temperature Ta (°C) Ambient Temperawre Ta (C)

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 capacitan
optimum for the application in the field requiring high speed of C, to between terminal 1 and 12, replacing C, and (
signal processing and wide band width. The following  from the above figure. In that case, the value of C, is 200p
describes an application of HA17715. (3) In case voltage gain is 100

1. Fundamental articles for using HA17715

1.1 Method of using phase compensated capacitance 100R

Because HA17715 is high speed and high gain, it is especially 50pF

necessary to notice the prevention of oscillation at the time 2

of using it. On account of this, capacitance value for phase Vau

compensation is being recommended as shown in Fig. 1, —— Vour

satisfying the largeness of closed loop gain for use.

(1) In case voltage gain is 1, R &

IZSl)pF

QI F Fig.3 Phase Compensation in case voltage gain is 100

500pF

152074@

Vou
(4) In case voltage gain is 1000
Ca

1.000pF
C2 J;Z'ooo";]m—

Fig.1 Phase Compensation in case voltage gain is 1

In case of voltage follower, in order not to have latch up Vou

occur at input stage even if output is increased, it is necessary
to insert diode to cascode terminal as shown in the figure.
(2) in case voitage gain is 10

Fig.4 Phase Compensation in case voltage gain is 1000

A 1.2 Offset Adjustment
The adjustment of voltage offset can be performed by apply-
ing volume etc. for offset adjustment use to input terminal.
In case of HA17715, it can be performed effectively by using
Vo terminals 1 and 2 for phase compensation use to input
terminal. In case of HA17715, it can be performed effec-
tively by using terminals 1 and 2 for phase compensation use
1,000pF as shown in Fig. 5

Cs

Il

Fig.2 Phase Compensation in case voltage gain is 10

09R
500pF
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HA17715G

Q Vee

50k

-

Fig.5 Offset Adjustment of HA17715

2. An application of HA17715
2.1 High Cycle Amplifier

Table 1. CAPACITIVE VALUE FOR
FREQUENCY RANGE
Frequency Range C, C.
10 to 100Hz 3uF 7.5¢F
100 to 1000Hz 0.3uF 0.75pF
1k to 10kHz 0.03xF 0.075¢F
10k to 100kHz 0.003uF 0.0075¢F
100k to 1000 kHz 300pF + 1500 750pF
200pF ?

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.

Re 51kQ
Vee=+15V

Vin

750Q 10kQ

100pF

Swing

Ajust.
10kQ B

Tk

.
vf:~15»‘ 2.
3.
Fig.6 High Frequency Amplifier
R Ro 4.
expressed by Ay=20 log 75— —20 log <1+—‘
Ry R,

Fig. 7 shows frequency characteristic of voltage gain in the

circuit of Fig. 6.

40
]

. N
2 30 N
. Vee=15V \
™ Vee=— 15V
5 20 Vie =45mV C
3 RiL =50Q
g \
il
= 10

0

0.01 0.03 0.1 0.3 1.0 3 10 30

Frequency / (MHz)

v ¢
i W 1 7.v/
i VR , e
oSl o AL
LN y

Fig.8 Wide Band Width Oscillator )
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 VF(3 , uniformalize amplitude
change during VR, , VR, changes.
2.3 Waveform Shaping Circuit

Fig. 1 shows Waveform Shaping Circuit of Schmitt Trigger
method. At no signal, this circuit becomes Astable Multi,

since bias is put to it with the negative feedback type in order
to make high cycle waveform shaping good. Fig. 11 shows
the relation between minimum identification level and re-

Fig.7 High Frequency Amplifier A ,-f Characteristic

2.2 Wide Band Width Oscillator

Fig. 8 shows oscillation circuit of wien bridge type theore-

tical equation

L VR Co _
A\»—11+!R2 o8
f=27r/1NVR|'51?2'C|'C:7 -

62

sistance.
10M I T
C2=25C)
— M b
= \
— \
2 100k N
§ \ \VRI. R2MIN.
E NI\ (02)
2 10k
[ \ \
S VRLVRIN. N
= K Max AN
& (5kQ,2kQ ) \ \
120 \
10 \
100p 1,000p 0.01ux O.dx  lg  10u
Capacitance ('} (F)
10kQ
Ry
5
+
0.1uF HAL7715
Vi o—]} - mEI.
(&) 4 ZL(|‘314 +15V
100 100kQ
B[R 0P —15V
= 10pF mQ
J C2
T

. 06F
p—————0 Vour

Fig.10 Waveform Shaping(Slice)
Circuit Of Schmitt Trigger
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Fig.9 Oscillation Frequency

0.8
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Vs= Vour peak‘ﬁ

R

0

400
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Fig.11 Minimum Identi-
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- @ General Purpose Operational Amplifier
H A1 7 74 1 serles (Frequency Compensated)

HA17741 is internal phase compensated type, high per- HA17741G
formance operational amplifier. Its application is possible
widely in the fields of instrumentation operation use and of
general use.

BFEATURES

Industrial use; HA17741G, HA17741GS, HA17741PS
Commercial use; HA17741 (DG-14)

High Voltage Gain 106d8B (typ)
Wide Output Amplitude +13V (typ) [at R 2 2kQ2]
Protected to Output Short

Capable of adjusting Offset Voltage

Internal phase compensated type

HA17741GS

HA17741PS, HA17741

BMPIN ARRANGEMENT m

HA17741G
U
NC|1 14 | NC (DP-8)
NC}| 2 13 | NC HA17741GS
HA17741PS
*Offset HA17741
Null E 12JNC S

Offset
V(=) | 4 1| Vee Null E * ] NC
Offset  Vi(+ E

V‘-’EE 9 | Null )
Offset
NC| 7 8 INC VEEE * | Null’

(Top View) (Top View)

B CIRCUIT SCHEMATIC
r ) OO

—O0 Ve

Vint+

Vint-)

[Py
14

1—_:_1 ) 4

to Vee to Ve >|_

K

1
AN

oNé Y

‘L -Q Vee

P —

Offset Null @ HITACHI




HA17741 Series

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol g:};;:}gé HA17741PS HA17741 Unit
Supply Voltage Vee +18 +18 +18 '
Vee -18 —-18 —18 \
Power Dissipation Pr 670* 670** 670** mW
Input Voltage Vi +15 *15 *15 A%
Differential Input Voltage Vin cagp +30 +30 +30 \
Operating Temperature Topr —20 to +75 —20 to +75 0 to +70 ‘C
Storage Temperature Tos —65 to +150 --55 to +125 —55 to +125 ‘C
% is the permissible value to Ta=65C, and beyond that, derate with 7.6mW/°C.
* *is the permissible value to Ta=45°C, and beyond that, derate with 8.3mW/°C.
BELECTRICAL CHARACTERISTICS—1 (Vee=—Vee=15V, Ta=25C)
Item Symbol Test Condition min typ max Unit
Input Offset Voltage Vio Rs=10kQ — 1.0 6.0 mV
Input Offset Current Lo — 18 - 200 nA
Input Bias Current I — 75 500 nA
. . AVio/BVee | Rs<10kQ — 30 150 KrV/V
Line Regulation
AVio/AVee | Rs=10kQ — 30 150 HV/V
Voltage Gain Avp R.22kQ, Viu=110V 86 106 — dB
Common Mode Rejection Ratio CMR Rs=10kQ 70 90 — dB
Common Mode Input Voltage Range Vem Rs=10kQ £12 +13 — '
Vor » R.=10kQ *12 14 — \
Peak To Peak Output Voltage
Vor » R.=2kQ +10 +13 — vV
Power Dissipation Pr at the time of no load — 65 100 mW
Slew Rate SR R.=2kQ — 1.0 — V/ips
Rise Time t. Vi.=20mV, R, =2k — 0.3 — Hs
Overshoot Viver C.=100pF — 5.0 — %
Input Resistance R.. 0.3 1.0 — MQ
B ELECTRICAL CHARACTERISTICS—2!Vee=—Vie=15V, Ta=—20 to+75°C, however as for HA17741, Ta=0to+70°C )
Item Symbol Test Condition min typ max Unit
Input Offset Voltage Vio Rs=10kQ — — 9.0 mV
Input Offset Current Lo — — 400 nA
Input Bias Current I — — 1100 nA
Voltage Gain Avy R.z2kQ, Vi =10V 80 — - dB
Peak To Peak Output Voltage Vor » R+ 2kQ *10 — — V
@ VOLTAGE OFFSET ADJUSTING CIRCUIT INPUT OFFSET CURRENT VS.
SUPPLY VOLTAGE CHARACTERISTIC
R, 20
NN
%’ 16
l E
3
3
I“‘:o:-‘ 8
=3
R, R, S £
a=0% T:.:xoo% 4
VEE
0
+3 +6 +9 +12  £15 *+18

Supply Voltage Ve, Vee (V)
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HA17741 Series

POWER DISSIPATION VS VOLTAGE GAIN VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
100 T 120
No Load

/ a =
I T
a
- —
- O
3
/ ©
%
4
>
2

) /
/ Ry 22k

Power Dissipation Pr (mW)
2
\

0 70

Supply Voltage Vee, Vee (V) Supply Voltage Vee, Ve (V)

PEAK TO PEAK OUTPUT VOLTAGE ) INPUT OFFSET VOLTAGE VS
VS SUPPLY VOLTAGE AMBIENT TEMPERATURE

0 5

T T
Vee @ I8V
SO S do dovgg= sy
RgS 10k

I
Ry =2k

Max. Output Voltage Swing * Vor-p (V)
z
P
2
Input Offset Voltage Vio (mVi

!
'
f -
|
1

3 6 v9 t12 xls =18 o 0 ® o 60 8

Supply Voltage Vee, Vee (V) Ambient Temperature Ta (C)

INPUT OFFSET CURRENT VS INPUT BIAS CURRENT VS
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
20 120 :
—— '[ H
I~ 100 !
PR - N |
= S z N
. : < b
= = <
Y £ ™ '
: ; N
Lj) (,3 50 T T~
< -
B Vee=+15V 3w
E Vegg= = 15V =
4 20 I'C(=+II5V
Veg=-15V]
+
0 0 L
-2 0 20 20 50 30 -20 0 20 40 60 80
Ambient Temperature Ta (°C) Ambient Temperature Ta (C)
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HA17741 Series

POWER DISSIPATION VS
AMBIENT TEMPERATURE

T T T
| Vee= +15V
1 Vig == 15V—
No Load
B0
=
E
Q; 70 \’\‘
El T
a
£ 30
40
-20 « 20 a0 60 80
Ambicnt Temoerature Ta ('C)
PEAK TO PEAK OUTPUT VOLTAGE VS
AMBIENT TEMPERATURE
16
oz
s 8
E
z Vee =415V 7]
Y Vg =-15V-
é R, =10k _|
-12
-0 0 0 10 60 &0
Ambient Temperature Ta (C)
PEAK TO PEAK OUTPUT VOLTAGE VS
LOAD RESISTANCE
16
. Y
=
N /]
. 4
S8
i
:ZL 4P vic-zz'—llsv"
-
-12 »
200 500 Ik : 2k Sk 10k

66

Load Resistance Ri (Q)

VOLTAGE GAIN

VS

AMBIENT TEMPERATURE

120
110
CI =
s 100
<
=
s
o
& 9%
]
=
2
Vee=+15V
80 Vep =15V
Ry 22k0
70
-2 0 20 40 60 80
Ambient Temperature Ta (°C)

OUTPUT SHORT-CIRCUIT CURRENT VS
AMBIENT TEMPERATURE

20 —
Vo=Vec
Vee=+15v—]
= Veg=-15V
E o
z
—
£ —
Eon —
< '\.\
—

H
£
S8
z
22
5
24
2

0

=20 0 20 40 60 80

Ambient Temperature Ta (°C)

OFFSET ADJUSTING CHARACTERISTIC

16 Vee=+15V, V=15V 1
— Ri=510, Re=51ka  —
1.2}— Refer to Voltage Offset 4
Adjusting Circuit
08 l
- R=10kQ,
i
s 04 =5kQ 4
B N\ AV
o
s 0
= v e T
=
o /4 R=20kQ
3 -04 Er
E A/
E
-0.8
-12
-16
0O 20 40 60 8 100
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HA17741 Series

Phase "Angle ¢ (deg.)

PEAK TO PEAK OUTPUT VOLTAGE VS INPUT RESISTANCE VS
FREQUENCY FREQUENCY
28 14
X
s ou A\ 1.2
z \
N 5
s 2
S 2 =
R ma
5 \ < RN~
A 16 § 08 <
= » N
2 2 £ 06 B
- B N
B Vo= +15V \ z h
2 8f{Vep=-15v \ 0.4
% | | [R =10k0 \
3
= N
a4 b NG 0.2
~
0 0
100 200 500 1k 2k Sk Lok 20k 50k 100k 200k 500k 100 200 500 1k 2k Sk 10k 20k 50k 100k 200k S0k IM
Frequency f (Hz) Frequency f (Hz
PHASE VS FREQUENCY VOLTAGE GAIN VS FREQUENCY
40 TTTTTT 120 T
Vee =18V Vee = 1SV L
Veg=-1sV | o Vir = 15V
0 Open Laop 7 N Open Lo ]
8 b
)
-4 p N
- 1
B
—wld = L "N 1
13 ™
P 340 N S
= N
120 N & S
N z o M
~160 s ™
0
S
~200 20
_20 40 1l
50 100 20 500 Ik 2k Sk 10k 20k 50k 100k 200k 500k IM 2M 102050 100 200 500 1k 2k Sk 10k 20k 50k 100k 200k 500k IM 2M
Frequency f (ilz) Frequency [ (Ha)
VOLTAGE GAIN,PHASE ANGLE VS VOLTAGE GAIN,PHASE ANGLE VS
FREQUENCY (1) FREQUENCY (2)
120 I m o 120 AL
! H =415y 100 Veg= - 15V
100 { Hi Clased Circuit
a U TGain =608 T1° a0 e lGa in = 1od il
= 80 i N = It HH | i -
S . N Hﬂ M e % 260 ml P50 <
> ST I : e UL o
s N M~ 40 o
3 40 i PN z 3 I TS I 120 =
S voTTR 44120 § ] 2 i 3 N z
2 % § % I il ™ A H
: N : i T :
2 H] = z
0 Y- E S0 I M 180 £
I il i
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- —40 L 11l L1
Frequency f (Hz) T 20 50 100300 S00 Ik 7K 10k 20k 50k 100k 200k 500k 1M 2M

Frequency f (Hz-
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HA17741 Series

VOLTAGE GAIN, PHASE ANGLE VS VOLTAGE GAIN, PHASE ANGLE VS
FREQUENCY (3) FREQUENCY (4)
120 [ ! !- T ! l”l 120 I T { T
100 ot j i
v ST, : _ =
g i Moo 5 8 j i
S 60 A ,\l H-60 8 = t - \ -
~< || Vec=+15V \ H = ; L Wil
£ o[y, T o010 S W i e A
© Closed Circuit Gam:()ldB i A H 20 E S |-+ Closed Circuit Gain=20dB t 120
& I { ot N N & 2o it
= || I n | 2 s iy i )
= il ; : by = S ol IR vD -
! | § g . i ¢
i w | THI
120 } | f -+
| Hi HHIRAE :
-40 il [ Il © il 1 IR
0 20 0 100 200 500 1k 2l 5 10k 20k k 100k 200k 500k IM 2M 10 20 S0 100 200 500 1k 2k Sk 10k 20k 50k 100k 200k 500k IM 2M

Frequency f(Hz)

TRANSIENT RESPONSE CHARACTERI-
STIC MEASURING CIRCUIT

I®

90%
Vout
10%

Viorer + —:;—2 X100%
" i

Vi

]

[2a)

OVERSHOOT VS SUPPLY VOLTAGE

10
V,.=20mV
Ry =2kQ
€y =100pF
30 ~
— >
s £
N
3 \ &
g S
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g 5
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£
8
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T
L |
+3 16 19 112 £15 118
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Supply Voltage Vec, Vee (V)
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Rise Time & (us)

Frequency f(Hz)

RISE TIME VS SUPPLY VOLTAGE
08
V.. =20mV
Ry =2kQ
€1 =100pF
0.6
04
T ———
T —
0.2
0
t3 16 +9 112 115 118
Supply Voltage Vee, VEe (V)
TRANSIENT RESPONSE
CHARACTERISTIC
40 T T
Vee=+15V
Vep=-15V_|
Ry =2kQ
Cp =100pF
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20
10 //
0
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HA17741 Series

B AN APPLICATION OF IC OPERATIONAL AMPLIFIER

1. Multivibrator

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

axis of -ordinates 5V/DIV

quadrature axis 2ms/DIV

conditions R\ =8k, R:=4kQ
R3=100kﬂ, C|=0.1/1F
Ri=»

Vee=15V, Veg=—15V

Fig.2 HA17741 Astable Multivibrator Operating
Waveform

Fig.3 Monostable Multivibrator Operating Circuit
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Fig.1 Astable Multivibrator Operating Circuit

Trigger Input 0

V=10

axis of ordinates 5V/DIV

quadrature axis 2ms/DIV

conditions R.=10kQ, R:=2kQ
R:=40kQ, Ci=0.47uF
C,=0.0068uF
Ri.=»

Vee=15V, Veg=—15V

Fig.4 HA17741 Monostable Multivibrator Operating
Waveform

Fig.5 Bistable Multivibrator Operating Circuit
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HA17741 Series

Trigger Input o

axis of ordinates 5V/DIV
quadrature axis 2ms/DIV

conditions R,=10kQ, R.=2kQ
C=0.0068uF
R=w

VCC=15V, Vee=—15V

Fig.6 HA17741 Bistable Multivibrator Operating
Waveform

152074 Y,

K
470kQ

25K Y

‘51 R S IMQ

] 50k&

Fig.7 Wien bridge sine wave oscillator
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11 Vor-p = 20V N ++H
N I
* i N +
NG - b N
= il I N !
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Fig.8 HA17741 Wien bridge sine wave oscillator

f-c characteristic

axis of ordinates 5V/DIV

quadrature axis 0.5ms/DIV

conditions Vee=15V, Vig=—15V
R, =110k, R.=11kQ
C1=0.00154F, C.=0.015F
imeasurement result
f=929.7Hz, T.H.D=0.06%

Fig.9 Operating Waveform of HA17741 Wien
bridge sine wave oscillator :
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Fig.10 Quadrature Sine Wave Oscillator
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HA17741 Series

TTTIIT T 1
Vee == Vee =15V .y
Rri =150kQ Rmz =150kQ
Ri=151.2kQ
Riy=15kQ Rye=10kQ «Sin Out
Ray=15kQ Ree=10kQ
Cn ,Cr2 ,C,—1,000pF & 9 (-
\\ 0
N
\\ » «Cos Out
1 - oo Sin Out
~
" N
N
N axis of ordinates 5V/DIV
I n quadrature axis 0.2ms/DIV
= conditions  ( Cr,=1000pF(990) Cr2=1000pF (990)
N R =150k0 Rr2=150kQ
N C1=1000pF (990) 1 =160kQ
N Rii=15kQ Ruo—=10kQ
g o ar Ry =16V Rir=10kQ
V<'~'=15V V(»:.‘.‘ "“15\«'

Fig.11 HA17747 Quadrature Sine Wave Oscillator

f-Cn, Cn, C. characteristic
Fig.12 Output Waveform of Sine, Cos
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Fig.13 Triangular Wave Generator Operating
Circuit
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HA17741 Series

axis of ordinates 5V/DIV

quadrature axis 2ms/DIV

conditions Vee=15V, Vegg=—15V
Ri=100kQ, Ci=0.14F

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

conditions | cc=15V, Vep=—15V
R/ =10kQ, R.=20kQ
R3=100kQ, R.=200kQ
C=0.1uF

Fig.14 Operating Waveform of HA17741 Triangular
Wave Generator

Ry
okl
Re Va
Ve 00—
6k Ve R W
-
R & t——0 Vour
3kQ 2.7kQ
Re
274Q
J M
7 270 J 25C1706¢) Rs
), SE 27Q
5kQ k4

Ve

Fig.15 Saw Tooth Generator
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H A1 7 7 4 7 S e ries @ 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.

B FEATURES

® |ndustrialuse . .. ........ HA17747G, HA17747P
® Commercial use . . . ... ............ HA17747
® High Voltage Gain . . . ............ 106dB (typ)
@ Wide Output Amplitude . . . £13V (typ) [at R = 2kQ2]
® Protected to Output Short

@ Capable of adjusting Offset Voltage

® |nternal Phase Compensated Type

B PIN ARRANGEMENT

HA17747G

(PG-14)

HA17747P
HA17747

ol T
'V‘.(+,‘1E EVCCI
i e Jow
Vee E 11 |NC
+ ]
%‘:ﬁle; E EI Output 2
g (DP-14)
V"(HZE }]Vccz
1] ERfEY
(Top View)
B CIRCUIT SCHEMATIC(1/2)
O Vee
Yy
) 00
Vinter ]
j! :E
1_—“_1 y O Vou
i b3
to Vee o
l) to Vee #—j,
N
1K
b}
® v
(L O VEE
—_—
Offset Null
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HA17747 Series

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA17747G HA17747P HA17747 Unit
Veo +18 +18 +18 A%
Supply Voltage Vi 18 18 18 v
Power Dissipation Pr 670* 670* 670™* mW
Input Voltage Viaxxx *15 *15 +15 \
Differential Input Voltage Vincaus +30 +30 +30 A4
Voltage between Offset Adjusting Terminal and V. Vorr Vee +0.5 +0.5 +0.5 \
Operating Temperature T, —20 to +75 —20 to +75 0to +70 C
Storage Temperature Toy —65 to +150 | —55 to +125 [ —55 to +125 ’C
* Value under Tua=65°C. In case of more than it, 7.6mW/°C derating shall be done.
%% \Value under Ta<45°C, In case of more than it, 8.3mW/°C derating shall be done.
* % % If supply voltage is less than * 15V, input voltage is to supply voltage.
B ELECTRICAL CHARACTERISTICS-1 (Viee=— V=15V, Ta=25C)
Item Symbol Measuring Condition min typ max Unit
Input Offset Voltage Vio Rs=10k0 - 1.0 6.0 mV
Input Offset Current L - 20 200 nA
Input Bias Current I, - 80 500 nA
Voltage Gain Avy R.22kQ, V..=+10V 88 106 - dB
Supply Current Ieo at the time of no load - 1.7 2.8 mA
Power Dissipation Py It's the value per 1 channel. - 50 85 mW
Input Resistance R.. 0.3 2.0 - MQ
Input Capacitance C.. - 1.4 - pk
Output Resistance R.u = 75 Q
Slew Rate SR R.z2kQ - 1.0 - V/us
Rise Time t, V..=20mV, R,=2kQ, 0.3 - Hs
Overshoot Viier C.=100pF - 5.0 - %
Input Offset Voltage Adjusting Range aVi 115 - mV
Output Short Current L., 25 mA
Channel Separation CS 120 - dB
BELECTRICAL CHARACTERISTICS-2 (Vi¢=— V=15V, Ta=—20 to +75C,
however, as for HA17747, Ta=0 to +70°C)
Item Symbol Measuring Condition min typ max Unit
Input Offset Voltage Vin Rs=10kQ 1.0 9.0 mV
Input Offset Current I - 20 400 nA
Input Bias Current 1, 80 1100 nA
Line Reguration Svmevel ke=0ka 30 150 | wv/v
Voltage Gain Ay R,22kQ, V.=+10V 80 - dB
Common Mode Rejection Ratio CMR R.=10kQ 70 90 - dB
Common Mode Input Voltage Range Vi +12 113 \
Peak To Peak Output Voltage Amplitude Vor v R, 210k 112 T — v
R, z2kQ +10 +13 v
Supply Current I at the time of no load 2.1 3.7 mA
Power Dissipation P It’s the value per 1 channel. 65 110 mW

Note) As for characteristic curve, refer to HA17741
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HA1 7902 Series @ Quad. Operational Amplifier

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

Industrial Use; HA17902G, HA17902P

Commercial Use; HA17902

B FEATURES

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

o Internal Phase Compensation

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

H CIRCUIT SCHEMATIC(1/4)

®

Input +O-

HA17902G

(DG-14)
HA17902P
HA17902

(DP-14)

HPIN ARRANGEMENT

A4
Viut1 | 1 14| Vouns
V(=011 2 13 ] Viul -4
V(41| 3 12} Va4 )4

Vee

g 4
Output Vi 4)2 | 5 10 I Vinl 413
V.n(-)ZI 6 9 | Vil -3
szl 7 8 | Vous

Qo Qiz C)
Qs Q
’ (Top View)
»r wr  7r
B ABSOLUTE MAXIMUM RATINGS (Te=25C)
Item Symbol HA17902G HA17902P HA17902 Unit
Supply Voltage Vee 28 28 28 v
Sink Current Loink 50 50 50 mA
Power Dissipation P+ 625* 625" 625** m\V
Common Mode Input Voltage Veu -0.3 to Vec -0.3 to Vec -0.3 to Vec v
Differential Input Voltage Vinauy -+ Vee +Vec + Vee v
Operating Temperature Tope -40 to +85 -20 to +75 0 to +70 °C
Storage Temperature T -60 to +150 -55 to +125 -55 to +125 ‘C
* Value under Ta<=70°C. In case of more than it, 7.6mW/°C derating shall be done.
% % Value under Ta<s50°C. In case of more than it, 8.3mW/°C derating shall be done.
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HA17902 Series

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

Item Symbol Test Conditions min typ max Unit
Input Offset Voltage Vio Vew=7.5V, Rs=50Q, R,=5kQ — 3 8 mV
Input Offset Current Lo Lo=\Ir=I*|, Vew=17.5V — 5 50 nA
Input Bias Current I Veu=17.5V — 30 500 nA
Power Source Rejection Ratio PSRR | [=100Hz, Rs=1kQ, R,=100kQ — 93 — dB
Voltage Gain Av Rs=1kQ, R, =100kQ, R, = 75 90 — dB
Common Mode Rejection Ratio CMR Rs=50Q, R,=5kQ — 80 — dB
Common Mode Input Voltage Range Vewu Rs=1kQ, R, =100kQ, f=100Hz -0.3 — 13.5 v
Peak-to-peak Output Voltage Vio » J/=100Hz, Rs=1kQ, R,=100kQ, R.=20kQ — 13.6 — \
Vo Ion=-1mA 13.2 13.6 — \
Vonz Ion=—10mA 12 13.3 — \
Output Voltage
Vi I =1mA — 0.8 1 \
Vi Iy =10mA — 1.1 1.8 \
Output Source Current Luree Voun=10V 15 40 — mA
Output Sink Current Lionk Vo, =1V 3 9 — mA
Supply Current I V..=GND, R.=» — 0.8 2 mA
Power Dissipation Py Ri.=, V.=GND — 12 30 mW
Slew Rate SR f=1.5kHz, Veu =75V, R, =0 — 0.19 — V/us
Channel Separation cs J/=1kHz — 120 — dB
B TEST CIRCUIT
1. Input Offset Voltage (Vio), Input Offset SW1 SW 2 Ve
Current (l,), Input Bias Current () ON ON Vo
S W L, OFF OFF Vas V(-M=% Vee
ON OFF Vos
__O\Sl’_‘l Ve OFF | ON Vi
R 51 A
R 10k ’ Vo
wa am | Ve rrEs (V)
1 —“G”m—l_‘é?"] 2) o= %Xﬁs (A)
Viw _
I 9 b= Rt (M
2. Common Mode Input Rejection Ratio (CMR) 3. Supply Current (lc)
CMR=20Iog—‘V/% (dB)
Re 5.0k
=AM
l
| »
v |
r‘ o
i k50 | > J
-
Vo :;rk
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HA17902 Series

4. Voltage Gain (Aw), Slew Rate (S.R), Common 5. Output Source Current (l....c.)
Mode Input Voitage Range (Vcu), Peak-to-peak
Liource © Vou=10V
Output Voltage Range (V..-5)
lokék
Y 40dB 10k o
Vee
4Tu s':k !
P.U.T 7" Vou
S Wi K3 swi
20ke O
VzJ—+ i
> l:l JIE
» 6. Output Sink Current (l.i.)
(1) Avo: Rs=1kQ, R,=100kQ, R, =00, Line * Vor =1V
VI = VZ = % V(‘(‘
v "v“fv,‘:r ’ -0 Ver
Avo=20log ;% +40 (dB) :
IN
(2) SR : f=1.5kHz, R, =00,
Vi=Vo= Y Vee Vou

[ 0

1%
SR= T (V/us)

T f=—

(3) Vew ! Rs=1kQ, R,=100kQ, f=100Hz,
Vi=3% Vee, Ri.=00, value of Vi just before
the waveform changes. Vewciyr, Vewme o

(4) V., »: Rs=1kQ, R,=100kQ, R.=20kQ,
f=100Hz, V,, ,=Voy+~— Vo, (Ve p)

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

V. =15V
Vo= 10V

50|

30

Output Source Current liewrce (mA)
Input Bias Current Ii (nA)

20|
20)

10 10]

L ) I I N T o
-55 -35 -15 25 45 65 85 105 125 =55 =35 15 25 45 65 85 105 125
Ambient Temperature Ta ('C) Ambient Temperature Ta ('C)
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HA17902 Series

100

INPUT BIAS CURRENT VS.
SUPPLY VOLTAGE

Ta=25C
Vin=75V

< 79
£
=
2
Is]
b
&
El
g p—
0 I 2
Supply Voltage Vec (V)
VOLTAGE GAIN VS. FREQUENCY
' Vo =15V
Ta=25°C
14
@ !
i
2
<
S
%
2
~N
o 10 100 I3 Ok 100k 1

VOLTAGE GAIN VS. SUPPLY VOLTAGE

Frequency f (Hz)

160

Ta=25C

Voltage Gain Avp (dB)
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10 20
Supply Voltage Vcc (V)

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

PEAK-TO-PEAK OUTPUT VOLTAGE
VS. FREQUENCY

N
1
5 ‘\
N
N{|
0l \‘\\ 1
k Ok 100k 1

Frequency f (Hz)

COMMON MODE REJECTION RATIO
VS. FREQUENCY

120 —r
Vee =15V

~ Ta=25C
@ R, =50Q
— 100 +
s i
S i
§ 80 Sw
= \\,,_
£ ™
g o Ny
o N
2 40 N
5 ™
: il
£ 20
©

0

100 1 10k 100k M

Frequency f (Hz)

SUPPLY CURRENT VS. SUPPLY VOLTAGE

Supply Current Icc (mA)
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HA17902 Series

B HA17902 APPLICATION

HA17902 is a Quad. Operational Amplifier, and it’s consist-
ed of four operational amplifiers which operate independent-
ly, and a bias circuit. It can be widely used with the features
such as wide range of operating temperature, mono power
source operation, internal phase 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 Amplifier

Fig.1 shows a non-inverted amplifier.

Voltage gain of the circuitis; V/,,, R:
=1+ =
Vin R
10k
+Vino
I Vout
M
10k SR,

Fig.1 Non-inverted Amplifier

2. Adding & Subtracting Amplifier

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

Vom= Vl + Vz - V:x— V4

The output is;

R 4
100k
PP S veo—

Fig.2 Adding & Subtracting Amplifier

G HITACHI

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

The output is;

VW,=(1+§—:) (Vo= Vi)

Rz Ra
AN
’ 100kQ -’

]
LJ&L__LE l
100kQ i
S |
Fig.3 High Input Impedance DC
Differential Amplifier

4. Voltage Control Generator

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

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

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

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

Viom—n o

4 Vac

¢ 00501
I

51k

R/2 51k
50k

P

Fig.4 Voltage Control Oscillator

10k
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HA17339, HA17901 Series

@ Ouadruple Comparators

HA17901 and HA17339 are comparators designed for car use
and control system use.

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

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

Industrial: . ... ... ....... HA17901G, HA17901P
Commercial: . . .. ... ... o e HA17339
B FEATURES
@® Wide Range of Supply Voltage . . ........ 2 to 36V
® Very Small Supply Current . . . .. ........ 0.8mA
® Small InputBiasCurrent . ... ... ........ 25nA
@ Small Input Offset Current . . . ... ... : Fee e 3nA
@ Small Input Offset Voltage . . . .. ... ...... 2mV
® Common Mode Input Voltage Range Including Ground
® Differential Input Voltage Range Equal to Supply Voltage.
® Smali Output Saturation Voltage . . . . . . . . 1mV(5uA)
70mV(1mA)
@ The output voltage is compatible with that of CMOS
Logic System
B CIRCUIT SCHEMATIC(1/4) ‘;‘

[nput”

Output

[nput ©

HA17901G

(DG-14)

HA17901P
HA17339

(DP-14)

HPIN ARRANGEMENT

N

Output ZE
Output IE
Vee E
Input 1 E
Input 1° E

Input 2 I 6
lnpul2'|7][ j[

14 I()ulpul 3
13 ,()ulpul 4

11 | Input 4*

10 | Input 4
9 | Input 3*
8 | Input 3

(Top View)
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol HA17901G HA17901P HA17339 Unit Note
Supply Voltage Vee 36 36 36 \%
Differential Input Voltage Vinwifn ' + Vee + Vee + Vee v
Input Voltage Vin —0.3to +36 —0.3to +36 —0.3to +36 \%
Power Dissipation Pr 625* 625** 625** mW 1
Output Current Tout 20 20 20 mA 2
Operating Temperature Topr -40 to +85 —20to +75 0to +70 °C
Storage Temperature Titg —65 to +150 —55to +125 —55to +125 °C
Output Voltage Vout 36 36 36 A%
Note 11.% Value at Ta'=70C. In case of more than it, 7.6mW/'C derating shall be performed.
* *Value at Ta'=50'C. In case of more than it, 8.3m\W/C derating shall be performed.
12. Short-circuit between the output and V.. will be a cause to destroy the circuit.

The maximum output current is the permissible value for continuour operation.
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HA17339, HA17901 Series

B ELECTRICAL CHARACTERISTICS (Vec=5V, Ta=25C)

Item Symbol Test Condition min typ max Unit
Veer=1.4V & Rs=00 when V, =14V at the _
Input Offset Voltage Vio output switching point ¢ 2 7 mV
Input Bias Current Iis Iiveer or Iinc) — 25 250 nA
Input Offset Current Lo Iiveey —=Iive — 5 50 nA
Common Mode Input Voltage(Note 1) Vew 0 — | Vee—1.5 \Y%
Supply Current Icc Ry =00 — 0.8 2 mA
Voltage Gain Ay R.=15kQ — 200 — | V/mV
Response Time (Note 2) tr Vee=5V, R.=5.1kQ — 1.3 — us
Output Sink Current L Vine »=1V, Vineoh,=0, Vy21.5V 6 16 — mA
Output Saturation Voltage Viosar Vine =1V, Vinoo, =0, Lix=3mA - 200 400 mV
Output Leak Current Iy Vincor=1V, Viye ,=0, Vy=5V — 0.1 - nA
Note) 1. Common mode input voltage or either of the input signal voltages should not be less than —0.3V.
2. This is a value to 100mV input step voltage with 5mV overdrive.
ETEST CIRCUIT
1. Input foset Voltage (V|Q), Input Offset Current (l|Q) SW1 SW 2 Vo
Input Bias Current (1}g)
ON ON Vo
Ry Sk OFF OFF Voe Ver=1/2 Vee
A ON OFF Vos Ve,=1.4V
OFF ON Vos
R. 50
Wy v
v 1) Vie= |—011{| V)
R, 50 1+ =L
Rs
Vo2 —V,
I e (A)
Ve R ( =L
l 1+ Rs
1, Vou— V.
ver 3 L= ‘;;' (A)
l 2-R(1+ 45
Rsk
2. Output Saturation Voltage (VQ sat), Output Sink Current
(Isink), Common Mode Input Voltage (Vcm)
ltem | Voo | Ve: | Ves [SW1|SW2 | SW3 Unit
. _ 1at Vee=5V .
. Vo sat| 2V | OV 1 L FOR AN B
T = L 2V | oV 1.5V 1 1 2 mA
SWI/, }7/ Vew 2V | -1~Vee| — 2 | &den 3 v
e
5k .
[V( 1 .‘u[
i_ﬂ ?
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HA17339, HA17901 Series

3. Supply Current (Icg)

——@—0 Vee

Tec D Ri =0

T ]

5. Response Time (tR)

"
24k S
i " o/oj
30k 120k Sw
0 12v
bov
INPUT BIAS CURRENT VsS:
AMBIENT TEMPERATURE
@ I
Vee=5V
80
70
'E 60
; 50
5w
£
= 2 <
10 \
0 R — —
=55 =35 -15 25 45 65 85 105 125

Ambient Temperature Ta (°C)

4. Voltage Gain (Ay) (R = 15kQ)

T+V TV!(’

L4
— Vo1 —Vo.
Av=201lo Vini— Vinz [dB]

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

INPUT BIAS CURRENT VS.
SUPPLY VOLTAGE

60
Ta=25T

50
E
Z 40
z
2 3
E

\
E \
@ U e ——
Pr————

H
£

10

0 10 20 30 40

Supply Voltage Vec (V)
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HA17339, HA17901 Series

Supply Ci A)
Output Sink Current lunt (mA) upply Current Icc (m

Voltage Gain A (dB)

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

Supply Current Icc (mA)

Output Sink Current luat (mA)

SUPPLY CURRENT VS.

SUPPLY VOLTAGE

‘Ta=25'C
R =

0 10 X

Supply Voltage Vir (V

)

OUTPUT SINK CURRENT VS.
SUPPLY VOLTAGE

25

1 20
Supply Voltage Vee (V)

30 4&

VOLTAGE GAIN VS. SUPPLY VOLTAGE

18 Vie=sv
Rj=
1.6]
14
1.2
1.0
\
0.8
N
0.6
04
0.2
0 S I S—
-55 —=35 ~-15 25 45 65 85 105 125
Ambient Temperature Ta (C)
OUTPUT SINK CURRENT VS.
SUPPLY VOLTAGE
4 Vio=5v |
Vin(~) =1V
40 Vin( +)=0
Vout=15V
35
25
15
5
0L
-55 =35 -15 25 45 65 85 105 125
Ambient Temperature Ta ('C)
VOLTAGE GAIN VS.
AMBIENT TEMPERATURE
130 .
Vie=5V
Ri=15kQ
125
120
118
10
105
90
8sL__
-55 -35 —15 25 45 65 85 105 125

Ambient Temperature Ta ('C)
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Voltage Gain 4 (dB)

Ta=25C
Ry =15kQ

/

I 20
Supply Voliage Vec (V)
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HA17393, HA17903 Series

@ Dual Comparators

HA17903 and HA 17393 are comparators designed for car use
and control system use.

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

They can be widely applied, such as limit comparator, simple
analog/digital converter, pulse/square wave/time delay gene-

tor, wide range VCO, MOS clock timer, multivibrator, high
voltage logic gate, etc.
Industrial: . . . ... ........ HA17903GS, HA17903PS
Commercial: .. .. .. ... ... HA17393
@ FEATURES
® WideSupply Voltage . . . . .. ... ....... 2 to 36V
® Very LowSupplyCurrent . .. .. ......... 0.8mA
® SmalllnputBias . .. ... ... .....uu.n.. 25nA
® Small Input Offset Current . . . . .. ......... 3nA
® Small Input Offset Voltage . . . ... ........ 2mV
® Common Mode Input Voltage Range Including Ground.
® Small Output Saturation Voltage . . . . ... . 1mV(5uA)
70mV(1mA)
® OQutput Voltage is Compatible with CMOS Logic System.

B CIRCUIT SCHEMATIC(1/2)

Input Q Q.

Input O

86

HA17903GS

(DG- 8)
HA17903PS
HA17393

(DP- 8)

HPIN ARRANGEMENT

Q

Qutput 1 E
Input 1 E
Input 17 E

GND E

/

Output
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HA17393, HA17903 Series

B ABSOLUTE MAXIMUM

RATINGS (Ta=25C)

Item Symbol HA17903GS HA17903PS HA17393 Unit | Note
Supply Voltage Vee 36 36 36 \Y
Differential Input Voltage Vincaur Vee Vee Vee \%
Input Voltage Vin —0.3 to +36 —0.3 to +36 —0.3 to +36 N
Power Dissipation Pr 570* 570** 570** mW 1
Output Short-circuit Current Ius Continuation possible | Continuation possible | Continuation possible 2
Operating Temperature Topr —40 to +85 —20 to +75 0 to +70 °
Storage Temperature Toe - 65 to +150 —55 to +125 —55 to +125 °
Note) 1. * Value at Ta=75°C. In case of more than it, 7.6mW/’C derating shall be performed.
* *'Value at Ta<=55'C. In case of more than it, 8.3mW/°C derating shall be performed.
2. Short-circuit between the output and Ve will be a cause to destroy the circuit.
The maximum output current is about 20mA for any supply voltage.
BMELECTRICAL CHARACTERISTICS-1 (Vec=5V, Ta=25C)
Item Symbol Test Condition min typ max Unit | Note
Input Offset Voltage Vie — 2.0 5.0 mV 1
Input Bias Current Ls Iineey or Iineos — 25 250 nA 2
Input Offset Current I [ iweer —Iived — 3 50 nA
Vew 3.5 — — vV
Common Mode Input Voltage 3
Vew - — 0 vV
Supply Current Iec All Comparators: R, =, All Channels ON - 0.8 2.0 mA
Voltage Gain Avo Vee=15V, R, =215kQ — 200 — V/mV
Response Time tx Vie=5V, R.=5.1kQ — 1.3 — s 4
Large Signal Response Time tri Vin=TTL Threshold Width. Vier =14V — 300 — ns
Output Sink Current Loink Vine »21V, Vine =0, Vuz1.5V 6 16 — mA
Output Saturation Voltage Vowor | Viner 21V, Vineor=0, Linw=4mA — — 400 mV
Output leak Current Io Vine =0, Vixo.n 21V, V,=5V — 0.1 — nA
Note} 1. Vier=1.4V and Ry =50Q. when V., = 1.4V at output switching point.
2. Under Linear Operation.
3. Common mode input voltage or each one of the input signal should not be less than -0.3V.
4. This is a value to 100m\’ Input Step Voltage with 5m\ over drive.
BMELECTRICAL CHARACTERISTICS-2
(Vee =5V, HA17903GS; Ta= —40 to +85°C, HA17903PS; Ta= 20 to +75°C, HA17393;: Ta=0 to +70°C)
Item Symbol Test Condition min typ max | Unit | Note
Input Offset Voltage Vio - 9 15 mV 1
Input Offset Current Lo 1 iveor —Ive o | - 50 200 nA
Input Bias Current ILis Output Linear Range — | 200 500 nA
Vew + Vie -2.0 - - \Y
Common Mode Input Voltage
Veu - — 0 4
Output Saturation Voltage Vo can Viner 21V, Vixoor =0, LaaS4mA — | 400 700 mV
Output Leak Current I Vixer=0, Viner, 21V, V,=30V — — 1.0 MA
Differential Input Voltage Vincayrr | All Inputs 20V — — Vi Vv
Note! 1. Vier=1.4V and Ry =500, when V.. =1.4\ at the output switching point.
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HA17393, HA17903 Series

Supply Current /cc (mA)

Output Sink Current /ot (mA)

0.75

0.5 SV

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

Vcc=36vl ( %s

—20 0 25 50 75
Ambient Ternperature T, ('C)

OUTPUT SINK CURRENT VS.
OUTPUT VOLTAGE

’a/—/}—/‘ 15V L—
— T —
| AN 4T
T
10 20 30 40

Output Voltage Vo (V)

VOLTAGE GAIN VS.
AMBIENT TEMPERATURE

110
Voo 15V
. .5V
P g,
_ |t v a— |
o 100
)
s zv
S
I | E—
£
3
) 90 —
S
° AN
> 15k
wl %H
70 I
20 0 25 50 75
Ambient Temperature 7. ('C)

Output Sink Current /owins (mA)

Output Saturation Voltage (mV)

Input Offset Voltage Vio (mV)

OUTPUT SINK CURRENT VS.
AMBIENT TEMPERATURE

20

Vec=36V

15V
5V

" [ N

50 Vee
L
2V 1.5V
JE] g ’
ot
-20 0 25 50 75

Ambient Temperature T (°C)

OUTPUT SATURATION VOLTAGE VS.

AMBIENT TEMPERATURE

w00 ’ I
Vi ‘
_ AAA ———— [sink  4mA
300 — J 0 v
zvl so% « l
bt
200
: ————
vie av sV 1sv JGJ
1o |ee 2
0
20 o 2 50 75

Ambient Temperature 7. (°C)

INPUT OFFSET VOLTAGE VS.
AMBIENT TEMPERATURE

4

Ve 36V
2 15V
]
)5V
—— 2 —]
3V
)
V=Y Vi
Voo 1.4V
L out
-2 .
Ve l Sk 0. ¥
] j Viz L
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HA17393, HA17903 Series

Input Bias Current I1p (nA)

INPUT BIAS CURRENT VS. RESPONSE TIME VS.
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
80 4 T I
100mV Input
5mV Over-
drive
6 “a
\< Vee=36V 2 —
/]5V =
5V °
. — H
Ve &
® }
w—| ®
0 l [
-20 0 25 50 75 -20 0 25 50 75
Ambient Temperature Ta ('C) Ambient Temperature Ta ('C)
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HA1807,HA1I813PS  evotase comparator

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

HA1807

B FEATURES

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

H PIN ARRANGEMENT
HA1807

(DG-14)

__\/_
Ve E 1] vee HA1813PS

Ne |4 Ecw
v..(—nE 10| NC m
e n o

CNDE Z]v..u)z ‘

(Top View)

(DP-8)

HA1813PS

Vee E E] Vout
N E &3 -
NC E T 3 Vinl -
GND E 3 Vinl +)

(Top View)

B CIRCUIT SCHEMATIC

AAA
VWA~
AMA

Vinnr O

J) —o J) ——o O GND

Zomp Vou
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HA1807,HA1813PS

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA1807 HA1813PS Unit
Supply Voltage Vee 18 18 Y
Power Dissipation Pr* 500 500 - m\V
Common Mode Input Voltage Vew Vee Ve Vv
Differential Input Voltage Vincagy ** +10 +10 vV
Operating Temperature Topr -30 to +80 ~20 to +75 °C
Storage Temperature T -65 to +150 -55 to +125 ‘C

Note: % HA1807 : Value at Ta270°C. In case of more than it, 7.6mW/°C derating shall be performed.
HA1813PS : Value at Tas50°C. In case of more than it, 8.3mW/°C derating shall be performed.
% % Value at Voo >10V. In case of Voo 10V, Vg Vee.

BMELECTRICAL CHARACTERISTICS (Ta=25C)

Iten Symbol Test Condition min typ max Unit
Input Offset Voltage Viu Vee =6V, Vey=3V, Ry=50Q — 1 5 mV
Input Offset Current I Vee=6V, Vey =1.5V — - 150 nA
Voltage Gain Ay ¢ =5.5V, f=10Hz 75 100 - dB
Input Bias Current I Vee=6.5V, Vu=2V, Vi. ., =5.5V — 0.5 3 HA
Veu 5.5 6.4 - Y
Common Mode Input Voltage Vee =6.5V, [ =10H2
Ve - 0.6 1 v
Vuu L= -2mA 4 5.3 - vV
Output Voltage Vee =5.5V
Vo L. =10mA - 0.2 0.4 v
Power Dissipation Py Vee =6.5V. Vien=3V, Vih=2V, RL= — 36 48.8 m\V
POWER DISSIPATION VS. COMMON MODE INPUT VOLTAGE
SUPPLY VOLTAGE VS. SUPPLY VOLTAGE
200 20
T
| I ! I=1lon ]
RL=”°! : Test Circuit |
160 —V.{ +)=3V : - 16
= _y=2v a=—30C =
2 v, (-)=2y Vi :
s : ae Dy Ta= -30C
g 120 80°C = T 25°C
: : / zal
2 w0 ; 8
£ Vew
40 ": 4
£
£
5 Ver Ta= ~30°C,25°C,80'C
0 0 1 1 1
5 7 9 n 3 15 5 7 9 11 13 15
Supply Voltage Vee (V) Supply Voltage Vee (V)
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Input Offset Voltage Vio (mV)

INPUT OFFSET VOLTAGE VS. SIGNAL
SOURCE RESISTANCE

"ML
Vec=6V
10HHHVen =3V
Test Circuit 2
8

0
50 100 200 500

1k 2%

Sk 10k

20k

Signal Source Resistance Rs (Qi

50k 100k

INPUT OFFSET CURRENT VS. AMBIENT

TEMPERATURE
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<

=

- 40

2
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20

5

© 4
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5
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£

-80
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Ambient Temperature Ta ('C)
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—
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Z 4 . B
£ : 7 T \
ua 1
fCRry — 8
: | =~ [\
> } 5 ™
, \
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INPUT OFFSET VOLTAGE VS.
AMBIENT TEMPERATURE

24 J I
Voo =6V
20 L Ven =3V
Rg =500
—Test Circuit 2
16
12 —
//
Lt
__—1——"——_
0.8
0.4
0
-30 0 30 60 90

Ambient Temperature Ta (C)

INPUT BIAS CURRENT VS. AMBIENT

TEMPERATURE
1.2
T 1T T [
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V=] !
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= T
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< 08
=
H
2
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-
s
& T
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=
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|
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!
T
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HA1807,HA1813PS

OUTPUT VOLTAGE VS. OUTPUT CURRENT

10
cC=55V

0.8
=
3
= 0
3
=
2
s 04 Ta=80C
2 .
5 b~ ,25°C
& ,/ ~30C4——

L /
0.2
1
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Output Current lor (mA)

VOLTAGE GAIN VS. SUPPLY VOLTAGE

120

T
[=10Hz
'
Test Circuit 3
110 |—
=
=
hed .
= 100 —
s
S
%
<
90
80
5 7 9 1 13 15

Supply Voltage Vee (V1

PROPAGATION DELAY TIME VS.
PHASE COMPENSATION CAPACITANCE
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A
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Test Circuit 4 Ve 1
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>
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¥
E
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=
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=
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=
3
=
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a
3
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2
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Test Circuit 3
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" \
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HA1807,HA1813PS

B TEST CIRCUIT

1. 2.
+ Rp
E 330u _prrl AWy 330u Ve
Rs
=0 Oscilloscope T \
Offset 1.000p -
Adj. RS T
RQ 1 /
R oL R 702t
YOM + -
P -
f=10Hz 1004
0t +peak voltage=100mV Unit
—en
duty=50% ” ” CF
Rs SRp/100 Vem =Veesn
Rs{Veu=Veu!
V=~ V)
RF+Rg
3. 4
2
N :
3304 v((.—]- 5 g3 i
2% S . ; »<
2k k :’ P.G. Oscilloscope

t/510ns

1.000p t.
I~ duty$50%
L >_ o 1 S50XCp X100 15,
100 > T

Cp(For Phase Compensation)
to Oscilloscope

1ok | 2k Unit:
" R:Q
< utput : ]-‘
T input
2k ATT Unit
R:-Q Output Vo (V) v (V)
CoF Vo 4 -2
” »
P.C. duty=50% Viue +2

[=10Hz

RESPONSE WAVEFORM

oV — !

50% -
—
0

A

Input
-2V
High

. 1
Out 50% R

Low

t

)
x
~
)
=
x
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HA1807,HA1813PS

HEHA1807 APPLICATION l

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

. Vs o—-¢
connected in cascade. Rs

Vou

-

1. Waveform Conversion Circuit Vu
Fig. 1 shows a waveform conversion circuit. The input Ry
voltage range is maximum at Rs = R1 and Vs = Vcc, and the
output is inverted at the time when the input is zero-crossed. V..
Ry=Rs Vs = Vee

Fig.1 Wave form Converter

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

f=100Hz

[nput 0 Input

Vau

Vour

2ms/DIV. 20us/DIV.

Ve=Vee=6.0V
R1 =R, =100kQ

Fig.2 Operation Waveform of
Waveform Converter

Input

Vour

0.2ms/DIV.

2. Schmitt Trigger Circuit
Schmitt Trigger Circuit is a circuit with hysteresis on the Ry

input and output characteristics by applying a positive feed- © Veu
back. Fig. 3 show a Schmitt Trigger Circuit. R
Vs o— . +
Fig. 4 shows an example of the Schmitt Trigger Circuit Ope-
ration. Vi o — -
Vou

Fig.3 Schmitt Trigger Circuit
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HA1807, HA1813PS

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

10 T 10
Vee =6.0V ’
A Ve =60V
B R _ino i o -t
Rs+R¥ R
- Rim=1/10
PSS Z
= 3
= 13
K
4 4
2 2
i
o ; . o 2 ) 6 8 10
Vs (V) Vs (V)
. . Fig.4(b) Operation Waveform of
Fig.4(a) Operation Waveform of Schmitt Trigger Circuit
Schmitt Trigger Circuit (Vo —Vs)
(Voo — V5) oo
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.
Vee =6.0V
6 Vasisy
Vsi. =2.5V
s £
Vs o——— - 4 3 4
|3 =
Re2
2 2
Vi o00————
S Vous 0 0
] 4 [ 0 2 4
Vi (V) Ve (V)
v Rs
Si.
10k2 o Vo Fig.6 Operation Waveform of Window Type

Comparator
Fig.5 Window Type Comparator

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

Set

[ ——

D P
s —t ; Vo
Rs
+ Vo
% Rs 0
R >'LD‘ Vour o
Di.D2 1 152075® caxis Vee =6.0V
Yraxis DSVAiv 0o
Fig.7 Bistable Circuit _ Rk
X-axis : 2ms/div

Re=20kQ

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.

Vee =5.0V
Ver = - LOV
(Vee : GND)

Fig.9 3Split & 2Bit A/D Converter

Input
LOV ~4V ¥
- /1

$| 1kQ
T ne

=]
=

=]
=

)
+4.0V

Fig.10 4Split & 2Bit A/D Converter
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HA181 2 Series @ Universal Comparator

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

HA1812GS

B FEATURES

® Large sink current of 200mA max.

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

® Includes reference voltage source.

HA1812PS

(DP-8)

B CIRCUIT SCHEMATIC HPIN ARRANGEMENT
Feedback ~

—0 Vee feed back [ ﬂ Vee
Vi E 7 | ref.l
Va E - Em.z

Output E 5 | GND

]

Vit 1 O
Vinenr f
| 5 Veon (Top View)
—
h
2 Rs
A
CD [ ———O Veep2
< Rs
O GND

Vour
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HA1812 Series

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA1812GS HA1812PS Unit
Supply Voltage Vee 20 20 v
Output Sink Current Link 200 200 mA
Common Mode Input Voltage Vew Vee Vee
Differential Input Voltage Viwcan + Vee* + Vee* \
Reference 1 Source Current Toource cret. 1) 2.0 2.0 mA
Output Transistor Voltage Vou 40 40 \Y
Feedback Terminal Current Irs +2.0 +2.0 mA
Power Dissipation Pr** 800 800 mW
Operating Tt;mperature T.,. —20 to +75 —20 to +75 °
Storage Temperature Teis —65 to +150 —55 to +125 K
Note) * At Vee >15V, V.o max = £15V.
*% [n HA1812GS, it is a value under the condition of Ta<65C. When Ta is more than 65°C, 7.6mW/°C derating shall be performed.
In HA1BI2PS. it is a value under the condition of Ta<$45°C. When Ta is more than 45°C, 8.3mW/°C derating shall be performed.
BMELECTRICAL CHARACTERISTICS (Ta=25C)
Item Symbol zlle:cs::”lmg Test Condition min typ max Unit
Supply Current I Ve =20V, V.. i =0, V.(-)=3V, R, = — 18 27 mA
Output l.eakage Current o Vee =V, =20V — — 1 HA
“0" Level Output Voltage Vo Vee =8V, L,u=100mA — 0.3 0.5 \'
Input Bias Current Iin Vie=13.5V, Vey=6.75V — — 100 nA
Input Offset Current Iio Vee=13.5V, Vey=6.75V — | 0.34 50 nA
Input Offset Voltage Vio Vie=13.5V, Vey=6.75V — 3 15 mV
ref. 1 terminal 5.87 — 6.88
Vier Vee=13.5V
ref. 2 terminal 2.935 - 3.44
Reference Voltage
2 Vee=13.5V, R, =1kQ 1A — 15 — mV
A Vier
3 Vie =820V, Loyreeirer1, =0 1B — 50 — mV
Voltage Gain Ay 4 «=13.5V, R.=1kQ, [=10Hz 80 100 — dB

HTEST CIRCUIT

1. Input Offset Voltage Vi,

Vi

100kQ

Input Offset Voltage Vg is 1/1000 of the indication of

voltmeter V.

A7

+
41 470, F

2. Reference Voltage Vier 1A

Vie s

Vit = O—— ]

ref.1 terminal

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

inverting output with Vin(+), Vin(-) at 3V or OV. *

G HITACHI
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HA1812 Series

3. Reference Voltage VREF 1B

4. Voltage Gain Ay

In the same test circuit asVRgf 1A, with output established )
at 1 level, changing supply voltage Vcc from 8V to 20V, f ZL ol
330uk

measure difference voltage of ref. 1 terminal.

kQ R

+——0 Output

Jr JI' 0.33uF

100kQ

ATT)
100k SG.
10Hz
SUPPLY CURRENT VS. SUPPLY VOLTAGE OUTPUT VOLTAGE VS. OUTPUT SINK CURRENT
28 v 0.7
R =°°l I ’ I /
wl *e 7 o Ve =135V { '/
| 7 Ta = -20C /'
. EEEF; of ny7
€ Ta=-20C| i z =r
Lo 1 =Y // A 0'C |—
z SN s0C ¥ /
2 25°C =
5 12 i S 03
© -
§ 8 [vn(+)=ovq 5
A Vin( =) =3V A -0z
—20C
4 I o IL 01
Vin( +) =3v—25C1L
L T [via-r=ov | 60¢C
0 4 8 12 16 20 0 m 30 120 160 200
Supply Voltage Vee (V1 Output Sink Current fue (mA)
* Note' The broken line is the
characteristic at the time
of connecting each Input
Terminal to Vee and GND.
INPUT OFFSET VOLTAGE VS. SUPPLY VOLTAGE REFERENCE VOLTAGE VS. SUPPLY VOLTAGE
‘ P ! Output "1 Ta=60°C
P MLevel [ - y
6 -20C”_|25°C
ra=60C ] b -
-~ 3 et C ol = l
> 2 - s Vrel.d
vf I 'L\\'c/ =
f g [
¥ O . Ta=60"C
2 R ety
e R, =1ke = 14 -20c] 25T
< Ve =Vee /2 4 I
“é , R =100Q E 2 4
£ B
[ s
J)
0 14
5 1¢ 15 20 0 4 8 12 16 20

Supply Voltage Vee (V)

100

Supply Voltage Vee (V9
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HA1812 Series

REFERENCE VOLTAGE VS. SOURCE CURRENT

10

1
Vee =135V
[ R, =100Q
= 8
=
2 Output “0" Level
:.9 6 Output "1" Level
=
=
@
I
s ¢
I
2
3
=
2
0 0.4 08 1.2 1.6 20

Source Current lauree Ger v (mA)

OUTPUT VOLTAGE VS. DIFFERENTIAL
INPUT VOLTAGE

20

| _Vce =135V,
vem =6.75V
Ry =100Q

Output Volrage Viur (\7?

‘ J}*'

0 2 4 6 10

Differential Input Voltage Vi (mV)

HEBASIC OPERATION DESCRIPTION

The following describes the circuit operation of HA1812.

1. Differential Amplifier and Output Terminal Vout

Q,, Q, and Q,, Q, are Differential Amplifier of Darlington
Connection, and signals amplified at this stage are further
applied to the base of Q,, through Q4, 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 25°C.

Q, and Q, are provides current mirror connection at the col-
lector load of Q,, Q, and Q;, Q4 and the progress of voltage
gain are designed.

VOLTAGE GAIN VS. SUPPLY VOLTAGE

1o

Rp=1kQ
[T /=10Hz
Ta=25"C
@
=
x
- 100
‘s
S
&
=
I}
=
90
8 10 12 it 16 18 20

Supply Voltage Vcc (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,; = 100Q +30%

R, =470Q + 30%
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HA1812 Series

3. Constant-Current-Circuit

4. Reference Voltage

The circuit formed through R,,, R,,, Q,,, Q,,, Q, is Q,,,2D,, Q,,, Q,; are the circuits which produce reference
constant-current circuits, and attracts currents with a small voltage, and have almost constant current flown with a small

dependance on supply voltage from each circuit.

dependance on supply voltage to ZD,, and so stabilize
cathode voltage of Zener Diode ZD, .

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

B EXAMPLES OF APPLICATION CIRCUITS

1. Negative Input Comparator (When fundamental OUTPUT VOLTAGE VS. INPUT VOLTAGE
voltage is set at Vref.2)
Vee S I
RL =1.2kQ
Vee =13.5V
ref.2 RL 6
Vou z
Via 2
= 12
HA1812 if
Note) Virrz is 3.27V. g °
3
4
0 1 2 3 4 5
Input Voltage Vi (V)
2. Positive Input Comparator (When reference OUTPUT VOLTAGE VS. INPUT VOLTAGE
voltage is set at Vref.2)
“ ]
Vee | | R =l2kQ
vee =135V
ref.2 L 16
Ve Vo I
HA1812 = s
Note) Vierz is 3.27V. g
4
0 1 3 4 5

102

Input Voltage Vi (V)
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HA1812 Series

3. Comparator when Vref.1 is divided by resistance OUTPUT VOLTAGE VS. INPUT VOLTAGE
at R, R: and set at Reference Voltage.
20
Ry =1.2kQ
Vee =13.5V

16 ——1-R, =10kQ

Output Valtage Vi
o

HA1812
Note) Viri ois 6.53V. = P - o
Threshold voltage Vrw is found by the following equation. . 2 < E &
]
= S93R :
Vru Rk (V) zl
0 1 2 3 4 5
Input Voltage Via (V)
4. Comparator established reference voltage by OUTPUT VOLTAGE VS. INPUT VOLTAGE
ref.2 and R..
20
Vee =135V
16 RL =1.2kQ
"
Vi O—— - 12
&%
k]
HA1812 S
z 2 g
Note) . 2 W S
Threshold voltage Vru is found by the following equation. -
. _ bS53k 4
V= g Y
Unit of Ri: kg
] 1 2 3 . s
Input Voltage Vi (V)
5. Schmitt Trigger Circuit 1. OUTPUT VOLTAGE VS. INPUT VOLTAGE (1)
E 2
3
3 |_Vce =135V
R Vi R, =1.2kQ
16 f——Ry; =0
Ru
R
It
12 H |
ot x
V. O =
= [
ER )
HA1812 2
2
Note) Threshold voltage Vri,Vr are found by the
following equations.
Vi = Viey 2=3.2(V) 4
Vrn= Vind e (v 1
TH= Vot Risas V!
Unit of Ry ik
0 2 4 6 8 10

Input Voltage Via (V)
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HA1812 Series

OUTPUT VOLTAGE VS. INPUT VOLTAGE (2)

20
Ve =13.5VL
Ry =1.2kQ
16 ——t Ry, =5k2
s
= 12
3 |
o
2 ¥
3 8
3
4
{
I
0 2 1 6 8 10
Input Voltage V.. (V)
6. Schmitt Trigger Circuit.2. OUTPUT VOLTAGE VS. INPUT VOLTAGE
20
I T I T
. ylcu=13'5v R=5kQ R, =20kQ I£”=I—gkﬂ
<
= £ Ry, =1.2kQ
bl b
E Ve 16
= o —
Ru =
RL S
; !
g L
Vo 2
Vo Ot - 8
a
g
R,
HA1812 4 f
Note) Threshold voltage Vri.Vrw are found by the i
following equation. i
H

6.53
= 053 )

o= Ttr/Ry VY ! 23 ‘ 5
_ 6.53 Input Voltage Vi (V)

V= TRRTRY T Y

a=Re/(570+ R)
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HA16654PS)/FP
HA16664PS/F

@500kHz Switching Regulator
Controller for PWM Control

@200kHz Switching Regulator
Controller for PWM Control

The HA16654PS/FP and HA16664PS/FP are ICs for PWM
control switching regulator which drives a power MOSFET at
high speed at high frequency. The standby current is limited to
as small as 1.6mA (typ.). These devices incorporate totem pole
circuits suited for high-speed pushpull operation at the Output
stage, accomplishing high-speed switching of rising time ¢- = 80ns
(typ.) and falling time tf = 40ns (typ.) at 20V swing.

B FUNCTIONS
® Reference voltage circuit.
® Triangular waveform oscillation circuit.
® PWM comparator circuit.
® |Low-input malfunction protection circuit.
® Qutput driver circuit.
® Soft start & quick shut function.
® Adjustable dead band.
8 FEATURES
® High speed switching: t,=80ns (typ.). t;/=40ns (typ.).
® High frequency operation: HA16654PS/FP (f=100k to 500kHz)
HA16664PS/FP (f=100k to 200kHz)
® |Low power dissipation 2mA max. in standby state.at V, =20V
® 5V reference voltage
® | ow-input malfunction protection.
(High threshold voltage: 10V, Low threthold voltage: 8V).
® Dead band width is adjustable.
® OQutput pulse width control range enlarged (0 to 80%).
® Soft start & quick shut functions provided.
® Signal Output. (totem pole)
Symbol | Pin name | Symbol Pin name
Cr gn;:éigtor EI Error Input
Ry ’ll;ler;lsngr DB Dead Band
Vrief szggzzce GND | Ground
Vin g‘(ﬂltl;g e OUT | Driver Output
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HA16654PS
HA16664PS
(DP-8)
HA16654FP
HA16664FP
(FP-14D)

= PIN ARRANGEMENT
® HA16654PS, HA16664PS

El

DB

GND

ouT

(Top View)

® HA16654FP, HA16664FP

14] NC

NC

ERROR
INPUT

DEAD BAND

(Top View)



HA16654, HA16664 Series

= BLOCK DIAGRAM

Waveform timing

78 ERROR
DEAD BAND o ERROR INPUT INPUT
to und
voltagee:r p ] > \
e [ b BTN NI
9 0SCILLATOR COMPARATO - ! .
cro to Vref Vie o ! ': A
3 . ' [ I [
Vref O to internal [ ' ' |
4 | - C_"_wmy L OSOUTPUT
Vivd REFERENCE UNDER VOLTAGE
—"'l REGULATOR I LOCKOLT 6
(HYSTERESIS O GND OUTPUT
OUTPUT STAGE -
= ABSOLUTE MAXIMUM RATINGS (7, = 25°C)
Item Symbol HA16654PS HA16654FP | HA16664PS* | HA1664FP** | Unit
Power Supply Voltage VIN +40 +40 +40 +40 \%
Collector Current (Push Pull) Ip 20 20 20 20 mA
Comparator Input Voltage Vcom Vyef+0.3 Vyef+0.3 Vyef+0.3 Vyef+0.3 v
R7 Input Current IRT 1 1 1 1 mA
Power Dissipation Py 680* 680%* 680* 680** mW
Operation Temperature Range Topr -20 to +85 -20 to +85 -20 to +85 -20 to +85 °C
Storage Temperature Range Tsg -55 to +125 -55 to +125 -55to+125 | -55t0+125 | °C

*%: Tjmax is shown as follows.
Tjmax = j-a » Pemax + Ta (6ja; Thermal resistor between junction and atmosphere at set board use).
The wiring density and the material of the set board must be chosen for thermal conductance of efficacy board.
And Pcmax cannot be over the value of Pp.

Thermal resistor j-a ('C/W)

240
220
200
180}
0,
160 AN “ -
>
0 \ 5 % %,
140 | 2
",
120 s % \\\
0700 \
U,
- 100} K ™
\
80
T ©O) ® D
05 1 2 5 10 20

Thermal conductance of efficacy board (W/m C)
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40mm®

{

0.8t Ceramic or

1.5t epoxy

@ Glass epoxy board of 10% wiring density
@ Glass epoxy board of 30% wiring density
@ 96% aluminum cerdip board
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HA16654, HA16664 Series

@ ELECTRICAL CHARACTERISTICS
® HA16654PS/FP (T,=25°C, Vjy=20V, C7=220pF, R7=27k2 at f= 500kHz)

Item ] Symbol l Test Condition | min. | typ. I max. l Unit I Note
< Reference Section >
Output Voltage 4.75|5.00 | 5.25 v
Line Regulation Line | VINZ13~11V - | - ]100 ] mv
ViN=11~40V - |10 | 25| mV
Load Regulation Loaa I,=0to 10mA - 5 16 mV
Temperature Stability VrrC - |-26 - ppm/°C
Short Circuit Current Ios Vief=0V 10 | 35 | — mA
< Oscillator Section >
Maximum Frequency Fmax | C7=220pF 500 | - - kHz
Minimum Frequency Fmin Cr=560pF - - | 100 kHz
Initial Accuracy - - | £10 %
Voltage Stability far Vin=11to 40V - ]-0.02| 1.0 %
< PWM Comparator Section >
Minimum Duty Cycle D, 80 - - %
Duty Accuracy Dgey R,=8.2kQ, R,=39kQ, — | +1.0] £10 %
Input Bias Current Ig VEr=4V, Vpp=0V, or Vg=0V, Vppg=4V - - 2.0 HA
< Output Driver >
Sink Current at Vin Low Ips(Low) | ViN=6V, VCD=0.4V 06 | LS - mA
Output Low Level VoL Io (sink)=10mA - 1086 1.4
Output High Level Vou Io (source)=10mA V22| - - \'
Output Rising ty - 80 | 150 ns 2
Output Falling Time tf — 40 | 100 ns 2
High Level Threashold Vrun 9 | 10 11 \'%
Low Level Threshold Vrur 7.3 8 9 A
Hysteresis Width VHRrs 15 20|25 \Y%
< Total Current Section >
Standby Current Iccs — 1.5 20 mA 1
Operation Current Iccr | R,=8.2kQ,R,=39k%, V;, =20V 50 | 90 | 130 | mA 1
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HA16654, HA16664 Series

Note 1 Iccs - Iccp measurement circuit.

8.2 kQ= R, §E27kQ Vref VIN Icct ——"
) El
DB In
Rr
39 kQ iE R 2SB647 Iccs
G
GND 20
220pF 2200pF Vin
ud 7'17
h g of 25D667 is defined as 60 min. and 200 max.
Note 2 ¢,, !y measurement circuit
Vin
80%
Out
0,
2SB647 20%
‘jiD I 2200pF » N
® HA16664PS/FP (Ta=25°C, ViN=20V, C7=560pF, R =82k at f=100kHz)
Item | Symbol l Test Condition l min. l typ. l max. ! Unit I Note
< Reference Section >
Output Voltage 4.75 |1 5.00 | 5.25 v
Line Regulation Line VinN=13~11V - - |100 | mV
VIN=11~40V - 10 25 mV
Load Regulation Loga I,=0 to 10mA - S 16 mV
Temperature Stability VRTC - |-26 — |ppm/°C
Short Circuit Current Ios Vier=0V 10 35 - mA
< Oscillator Section >
Maximum Frequency Fax | C7=220pF 200 | - - kHz
Minimum Frequency Fin C1=560pF - - | 100 kHz
Initial Accuracy — - | £10 %
Voltage Stability far Vin=11 to 40V - |-0.02]|£1.0 %

@ HITACHI
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HA16654, HA16664 Series

< PWM Comparator Section >

Item Symbol Test Condition min. | typ. [ max.| Unit |Note
Minimum Duty Cycle D, 80 - - %
Duty Accuracy Dgey | R,=8.2k2, R, =51kQ - |£1.0 | £10 %
Input Bias Current Ig Vgr=4V, Vpp=0V, o1 Vg =0V, Vpp=4V | — - 2.0 HA
< Output Driver >
Sink Current at Vin Low Ips(Low) | Vy=6V, VcE=0.4V 06 | 1.5 - mA
Output Low Level VoL Ip (sink)=10mA - 1086 1.4
Output High Level Vou Ip (source)=10mA Vip-2.2 - \'
Output Rising Time ty - 80 | 300 ns 2
Output Falling Time tf - 40 | 200 ns 2
High Level Threshold VTHH 9 10 11 \%
Low Level Threshold VTHL 7.3 8 9
Hysteresis Width VHRS 1.5 2.0 | 25 A%
< Total Current Section >
Standby Current Iccs - 1.5 | 2.0 mA 1
Operation Current Iccr, R, =8.2kQ, R,=51kQ, V=20V 30 | 50 7.0 mA 1
Note 1 [I¢cg - Iccr measurement circuit.
(%
8.2 k0% p, Z82K0[ Vref Vin Iect
) EI
DB In
Out
L Rt
51 kQ SR, 2S5B647 Iccs
Looil
GND 2
560pF 2200pF O
lun ;[ 7'17 Jf;
hpg of 28D667 is defined as 60 min. and 200 max.
Note 2 1., t; measurement circuit
Vin
30%
2SB647 20%
GND
tr tf
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HA16654, HA16664 Series

Vref output voltage vs. temperature characteristics Vref rising characteristics
5.10 _ 80
- z
- ? 5.0 o b o
S =
o .
= 5.00 — . 40
— % f
) 2 30 ]
] =] .
= =
E -
3
5 4.90 g 2.0
2 ] [
5 e
o c 1.0
Ko,
5
4.80
—30 0 50 100 0 10 20 30 40
Ambient Temperature Ta (C) Input Voltage Vin (V)
Quick shut time vs. soft start capacitance characteristics Soft start time vs. soft start capacitance characteristics
100 T 5 |
Ta =25
a=25C / Ta=25C /o
4 /
“n
7; / E /
ES
o 50 / 2 3 V
£ / ks
ho HA16654PS [ 1 T —
5 .2k3 C O— —_—
4 / aessarsfd 1 T i 2 o jIAI65IPS T L
= 3k 3 % (HA16664PS)'®. 1T
© (51K)3
& m 2 / L—Tm 2
1 (Slk)'b
| 7
0 0.1 0.2 0.3 0.4 0.5 0.6 / |
Soft start capacitance Cs (uF) 0 0.1 0.2 0.3 0.4 0.5 0.6
Soft start capacitance Cs (uF)
Pulse duty vs. dead band voltage in PWM comp. Pulse duty vs. dead band voltage in PWM comp.
characteristics (HA 16654PS/FP) characteristics (HA 16664PS/FP)
100 T 100
, \
l ‘{_ug= 20V Vin=20V
80 \ fZ=500kH. 80 f=100kHz
® —
~ 60 ® 60 \
N, . \
~ -
o \ k- \
= 40 o 40
A~ \ L;’ \
Y - |
20 20 \
]
\,
0 0 \
3.5 4.0 4.5 5.0 3.5 4.0 4.5 5.0

Dead band vol \'
ead band voltage (V) @H'TACH' Dead band voltage (V) 111



HA16654, HA16664 Series

Pulse duty vs. ambient temperature
characteristics (HA 16654PS/FP)

60 ! 8.2k 3 Vref
4 e 39k HANS
e

— oscy=500kHz 16654
g 50
k|
&
£ 40

30

—20 0 20 40 60 80

Ambient Temperature Ta (°C)

OSC frequency vs. timing resistor characteristics

(Hz)

Osc.Frequency

112

Pulse duty vs. dead band voltage in PWM comp.
characteristics (HA16664PS/FP)

o0} — [
Cr =560pF 8.2kQ Vref
Rr =82kQ HAN|
N fosc=100kHz 51KQ 16664
xR
. 50 o1
s
c]
L3
12
g 4
30
—20 0 20 40 60 80

Ambient Temperature Ta (‘C)

500k
N L
\ \(,Cr=56JpF
‘ L Cr=220pF
N
200k AN ™
\\
N
\\
100k N
10k 20k 50k 100k 200k
Timing Resistor Ry (kQ)
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HA16654, HA16664 Series

@ Viv BIAS POINT
o HA16654PS /FP

- Ta=25C
10 Back-up supply voltage
Quick shut down
[ area
= 8- —--
g - 4
E I "\
z 6 ! : Soft start area
~ H N
L ' :
4 . 1
) )
& ]
5 ,' 1/ Riv
n 4 Low input
0 ‘/'Tr‘nalfunctioln prevention area -
810 20 30 40 Va
Viv (V)

e HA16664PS /FP

r Ta =25C
10
— 8 B
= L Back-up supply voltage
E Quick shut
61 down area
=
= L
LN ;"'\--
1 Soft start area 7R
N N
= "__Low input malfunction
fac” | prevention area )
810 20 30 40 Va
Viv (V)

EPRIMARY CONTROL FORWARD CONVERTER SYSTEM
SOFT START

AC

CAPACITOR

Vs

BACK UP
POWER SUPPLY

ay
??

R.F.I

FILTER

ERROR
INPUT

~
O

47u
39k(51k)
18,2k

Riwn %

Rz

=
2
o

=
4
A O
HA16654PS
or(HA16664PS )
S

& = =
a > =

L220p

L_AM,._J 27k

————

N

l Iﬁ;}__‘_o -

POWER MOSFET

D667

B647

= 10k

b~ YT
~

;(SGOp) Rr (SZk;‘W;H g
V. <
PHOTO COUPLER i, 1

SHUNT

REGULATOR
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HA1 7524 Series ® Switching Regulator Controller

B FEATURES

® pyise Width Modulation (PWM)

® Wide Oscillation Frequency Range . . . . . 450kHz (typ)

® |ow QuiecentCurrent . . . .. .. ... ..... 5mA typ

® Good Line Regulation (0.2% typ) and Load Regulation

(0.4% typ)

Provides independent output stage of 2 channels. Wide

external circuit application including single end method

and push-pull method.

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

® Compatible with SG3524

@ BLOCK DIAGRAM

HA17524G

(DG-16)

HA17524P

L

(DP-16)

Vrer

+5V to all
To whole the internal circuitry

Flip Flop

Vee 15

Ref. Volt.

Comparatar

Inv. Input - Error Amp

1k éCOMP
GND .—;} O,
Shut ﬁ

Down

N.I. Input

Current Limitter

B ABSOLUTE MAXIMUM RATINGS:
(Unless otherwise specifieb, Ta=+25°C)

Item Symbol Rating Unit | Note No

Supply Voltage Vee 40 vV 1.2
Collector Output Current I 100 mA
Reference Output Current Iker 50 mA
Current througn C+ Terminal Ier 5 mA
g?:;:r';:?luusn Total Power P 600 W 3
Qperating Pree- Ao . | meoin| <
Strorage Temeperat- Cerdip T —65 o 4150 o
ure Range Plastic | S 125 |
Note! 1. With respect to network ground terminal

2. The reference voltage can be given by connecting the Vee and 5V reference output

pins both to the Supply Voltage. In this configuration, Vee = 6\max,

HE PIN ARRANGEMENT

U
G )
[15] vee
[1a] 2
[13] 2

NON-INV [
Input L=

osc o [3
en
cut-) 5] 7]

R [5] mE
o

ow[&] (] comp

(Top View)

Dissipation Derating Table

Package Eg:‘:‘; Bgz&:{l);ng Above Ta
p 600mW 8.3mW/°C 52.7°C
G 600mW | 7.6mW/°C 71°C

3. HA17524P : Value at T.<52.7°C. In case of more than it, 8.3mW/°C derating shall be performed.
HA17524G : Value at T.=<71°C, In case of more than it, 7.6mW C derating shall be performed.
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HA17524 Series

B ELECTRICAL CHARACTERISTICS (Viec=20V, f=20kHz, Ta=25C)

Item Symbol Test Conditions min typ max Unit
Output Voltage Verer 4.6 5.0 5.4 \Y
Input Regulation Vorine | Vee=8 to 40V — 10 30 mV
Ripple Rejection Rreys f=120Hz - 66 — dB
Regulator Output Regulation Vorod | Iow=0 to 20mA — 20 50 mV
Output Voltage Change With Output SVo/6Ta Ta=0 to 4-70°C : — 0.3 1.0 %
Temperature Ta=—20 to +75°C — 0.4 |1.36 %
Short-Circuit* Output Current Tos Virer=0 — 100 - mA
Input Offset Voltage Vio Vie=2.5V — 2 10 mV
Input Bias Current I Vie=2.5V — 2 10 MA
Error Open-Loop Voltage Gain Avp — 60 — dB
Amplifier Common-Mode Iuput Voltage Range Veu Ta=25°C 1.8t03.4 — — A
Common-Mode Rejection Ratio CMR — 70 — dB
Unity-Gain Bandwidth BW — 3 - MHz
Output Swing Vor 0.5 — 3.8 vV
OSC. Frequency / Cr=0.0014F, Rr=2kQ - 450 - kHz
Standard Deviation of Frequency Af Vee=8 to 40V - 5 - %
Rr=1.8 to 100k C=Const
. Of Line Vee=8 to 40V — — 1.0 %
Oscillator Frequency Change with - P
Temperature 8//0Ta Ta=0 to +70°C : — 5.0 10 %
Ta= 20 to +75°C — 5.0 | 13.6 %
Output Amplitude Vi peoks 3Pin — 3.5 — Vv
Ouput Pulse Width Tr Cr=0.01u4F, 3Pin — 0.5 — 3
Maximum Duty Cycle Dhie 45 - — %
Comparator Input Threshold Voltage Vi 0 duty =0 — 1.0 — v
Vikmas duty = max - 3.5 — Vv
Input Bias Current I — -1 - HA
o Current Input Voltage Range Vis to;(l]:; - - Y
Limiter V(Pin9) =2V, Ta=25C ,
Sense Voltage Vs V(Pin2) — V(Pinl) = 50mV 180 200 220 m\
Sense Voltage Change with Temperature | 8Vs/dTa | Ta=—20 to +75°C — 0.2 — mV/°C
Collector-Emitter Breakdown Voltage Vee 40 - — Vv
Collector Off-State Current I tear Vee=40V — | 0.01 50 BA
Output Collector-Emitter Saturation Voltage Veecan | Te=20mA — 1 2 V
Emitter Output Voltage Vi Vee=20V, Ix=—250uA 17 18 — \Y
Turn-off Voltage Rise Time t. Re=2k0 - 0.2 — Hs
Turn-on Voltage Fall Time ty — 0.1 — us
Vee=40V, V:=2V, Pins
Total Device | Standby Current Isr 1,4,7,8,9,11,14, grounded — 5.0 10 mA
All other pins open.
Note) *Duration of the short-circult should not exceed one second.
@HITACHI 15



HA17524 Series

B APPLICATION NOTE
@ Principal in HA17524 Operation

+5V

to whole the internal circuitry

Comparator

Inv.Input

N.LInput

= Current Limiter

Fig. 1 HA17524 Block Diagram

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

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

To Positive Regulated

1 .
Ker [ Outpur Voltage

=

M
o
=
W
vy
W
=

0

25k
S ¢ Error
3h Frror EZ Amp.
Amp. 7J To Negative Kegulated
r 7 Output Voltage
(a) Forward Output (b} Reverse Output
stabilizing Stabilizing
Source Source
Ri+R. Re—R
=25V —0—= =—-25 (="
V.=2.5\ R Vo =

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

116

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

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

f=1.15/(Rr- C.)

Rr=1.8k2 to 100kQ
Cr=0.001 to 0.1uF

f=140Hz to 500kHz
M Vee=20V
b= 200
400k \ [n=25
100k \ 5
s s N\,
:wk AN ﬁ’(/\
g \
g .
E1ok N
Z,
£ 4k \\ ﬁ”x\—
s
< 1k N S
400 \—\—
100
1k 4k 10k 10k 100k

Timing Resistance Rr (Qj

Fig. 3 Oscillating Frequency vs
Timing Resistance
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HA17524 Series

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

Vier

&

B a1 ]
‘[A\'
e e 73
Qi T
Discharge

Cr Terminal Waveform

Veer—Ves(Q2) — Ves(Qs)
Rr

I=
AV=Vy—~V.%3.8-0.9=2.9V

L.
T=p 18V

Fig.4 Oscillating Circuit and C+
Terminal Waveform

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

10

Vee=20V
Te=25C

e

‘% 1.0 /
E
g 0.4 /
/
—/
0.1

0.001 0.004 0.01 0.04 0.1

Timing Capacitance (T («F)

Fig.5 Dead Time vs Timing Capacitance

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

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

G HITACHI

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

Vs=Vee(Qi)+ 1 R: —Vse(Qz)
=L R
=200mV typ.

At Current limiter Sense Amp shown in the Fig. 6, when
V + -V _2>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.

Comp 1

Cror 8

Comparator

Amp
R 2
© 3
It
. —_—
—1C.L. .
VE Sense Amp

Er
ﬁ] kil I, + Vorr
HALTS24 3 T B
- Gl 2h s
L
v )
r
1 Vo R
Loimse =2 (Vesonser + 5 25)
Rs R,+R,
Vovenses
'17S=—
RS
V. conser =200mV
@ Operating waveform at every part
HAL7524
Vee 15V
Vou
25k v
Sk cc
y‘;‘.': @lnv E @
A @Non Inv G ® -
0.1 %5k T
;t @®Ref C®
WA ®Rr E2 @
0.01
# @cr +CL@
Sh
—1®%oum  ~CLO UnitR: Q
—1 ®0sc Comp@ ‘u
Out ®CND 0.001 %R
1 50k T

Fig.8 Breakdown Voltage types
Chopper Switching Regulator

Fig.6 Sense Amplifier for Current Limiter
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HA17524 Series

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

B CAUTIONS

Compared with the conventional series regulator, switching

regulator generates high frequency noise by switching current

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

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

at the side of Input.

To reduce noise at the side of output,

(a) Output wiring should be twisted.

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

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

(d) Power frame should be grounded.

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

Only one of them should be grounded. Impedance must

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

grounded. In case of choosing external parts-external

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

to consider their capacitance and characteristics.

2

3

Cr Terminal

Output Voltage of Error Amp.

e L LU T

Comparator W
0

oUT b

Wtk

-

e

]

R B
—
—

!:

G

UL
W UL

JoN
I

® Circuit Applications

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

Vee=15V

k
5k 19k Vee
> 5 Inv E. M ;()SVA
0']51‘% ™ Non Inv C, L™ Vour
HZk Ref Out C {44
W Rt Eq| 20
ik gr +C.L ) -
0.01 —{Shu _c.L ¥y =50

] Comp| +

Osc Out GN
PO AT )

CluF
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).

Voo =5V
¢ 15\
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JEE |

,17 Unit R:Q
CouF

Fig.11 Tracking Switching Regulator

Push-pull switching regulator: Fig. 12 shows the circuit
configuration of Push-pull switching regulator which uses
transformer. This system is suited for large power. Output
transistors inside HA17524 can drive exterfial switching
transistors respectively.
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Fig.9 Operating Timing Chart of each part
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Fig.12 Push-pull Switching Regulator
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HA17524 Series
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HA1 77236, HA1 7723 @® Voltage Regulator

HA17723, high accuracy voltage regulator for general
. HA17723G

purposes, features low stand-by current — quiescent current,
low temperature drift and high ripple rejection ratio.
Output current above 150mA is also available by adding PNP
or NPN transistors externally. This voltage regulator finds
wide application, using in series, parallel and as switches.
Industrial Use . . . ... .............. HA17723G
Commercial Use . . .. ... ............ HA17723

(DG-14)

HA17723
(DP-14)
B CIRCUIT SCHEMATIC B PIN ARRANGEMENT
o}
—-Q Vec NC E h—q_l NC
CURRENT LIMIT IZ 13| Comp

O, Q

Ve CURRENT SENSEI 3 12 ] Ve
Vi E 1]

Vout .
Ver | 7 R I NC

(Top View)

Vint+) Vin -
Veer QO——9 O—K_<

Y'Y

Vz

O Ve
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HA17723G,HA17723

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA17723G HA17723 Unit
Supply Voltage Vee 40 40 \Y%
Input/Output Voltage Differential Vagriix o 40 40 \
Differential Input Voltage Vinicaus +5 +5 v
Maximum Output Current Lou 150 150 mA
Current from Virer Irer 15 15 mA
Power Dissipation* Pr 950 830** mW
Operating Temperature Topr —20 to+75 0to +70 ‘C
Storage Temperature T —65 to +150 —55 to +125 °C
* Derating above 25°C will be 7.6mW C
* % Derating above 25°C will be 8.3mW C
B ELECTRICAL CHARACTERISTICS (Ta=25C)
Item Symbol Test Conditions min typ max Unit
V=12 to 15V — 0.01 0.1 %
Va=12 to 40V — 0.1 0.5 %
L.ine Regulation SV Line V=12 to 15V, — - 0.4 %
Ta=—20 to +75°C *
V..=12 to 15V, _ _ 0.3 9%
Ta=0 to +70°C
Iu=1 to 50mA — 0.03 0.2 %
I..=1 to 50mA . _ . 07 9%
Load Regulation Vo load Ta=—20 to +75°C
I.w=1 to 50mA
Ta=0 to +70°C B B 0 &
Ripple Rejection Rres {kHiOHZ r0 g:z:=(5);4F — ;: — :l;
Average Temperature Coefficient of Vo) Or Ta=—20 to +75°C * — 0.003 0.018 %/°C
Output Voltage Ta=0 to +70°C - 0.003 0.015 %/°C
Reference Voltage Vrer Va=Vee=Vc=12V, Ver=0 6.80 7.15 7.50 A%
Standby Current Isr V=30V, 1.=0 — — 4.0 mA
Short Circuit Current Limit Isc Rse=10Q, Vou=0 — 65 — mA
*HA17723G Only
G HITACHI 121



HA17723G,HA17723

B ELECTRICAL CHARACTERISTICS MEASURING CIRCUIT
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HA17723G,HA17723

STAND-BY CURRENT VS. INPUT VOLTAGE LINE REGULATION VS. INPUT/OUTPUT
VOLTAGE DIFFERENTIAL
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HA17723G,HA17723

OUTPUT IMPEDANCE VS. FREQUENCY
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B HA17723, APPLICATIONS

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

1. Fixed Voltage Source in Series

1.1 Low Voltage, 2 to 7 volts, Regulator

Fig. 1 shows the construction of a basic low voltage regula-
tor. The divider by resistors R, and R, from VREF is to
make the reference voltage which will be provided to non-
inverted input of the error amplifier, be less than output
voitage. 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 VRgF since the
output voltage is equal to the reference voltage.

Thus, the output voltage Vout is;

R
VoulanREF L == o tereeseetaaieitii e, ( 1)
’ Ri+R:
Vin
Vcc- IVc
Veur
Veer
Rsc=0 .
™ CL—+— Vaur
3 2.15kQ
Cs
Vel 4) Val=) Rs 1.5kQ
wl + wl — 4
Crer _L
m-l‘ ghe Ve [comp TC100PF
»

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

1.2 High Voltage, 7 to 37V, Regulator

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

Thus output voltage Vout is:

AL (2)
= e
n R\+R.
Vi
(o]
Vee Ve
VREE Vo=
Ry “n
R,
ey “ o
S
R,
Vil Vo - A7
Ver <]
o
I it fio
»

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

1.3 Negative Voltage Regulator

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

The output voltage —V ¢ in this circuit is;

Ri+R
~Vour= — (‘ : )Vm

3+R4
_ (Ri+R2)-(Rs+Ry) R3 (20
T TRe-(RstRi)—Ri-(Ri+ R2) X Rat Ry VREF (2

Fo)

v
115kQ A4

Vaer

Ka
kQ

o
K. Ry Vee COMP T 100p1
S LASKQ

Viur

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.

Vin
o
Ve Vi [ q
Ry
0.7Q
CL
b Vou
Sl
LS 7.87kQ
Vio+ Vit =
J-('l ke )
- T
Vi COMP Sonpl 715k
7

Fig.4 Method to Increase Output Current (1)

Ry
K08

Ry
2,15k CL.

R

(73_1 0.4
[
R: I
5RO o T CoMp
T

.

Fig.5 Method to Increase Output Current (2)

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

Vaer
Ry
2kQ

Re -
COMP
Sk Ver Ly snr

Fig.6 Fixed Voltage Source in Parallel Control

@ HITACHI

3. Switching Regulator

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

Vin

Rs 3k 102

Vee|  Vcd

[
Ry 1kQ

Val4) V(=)

Veer  Vouf— &
D I Lt
L2mH
R Rs 512 "
cL J- Vour
R. |Vee TCOMP

2.15kQ ‘
C2
llOOuF
Ci R 2
o,]up‘l j 5kQ 1kQ
> >

Fig.7 Positive Voltage Switching Requlator

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

s
r 31002
> Re 1 L,
1.5k 220Q
. <l D
L "
0.0uF ClLr= NL.
csk 1.2mH
Ry 1k Vour
Val #3 Vil =) l
R¢ OM! . :
:{.65!{‘&‘2 Mgz Ve l(,z 100uF

Fig.8 Negative Voltage Switching Regulator
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(a) Input-Output Characteristic

Fig.9 Operating Characteristics of Negative
Voltage Switching Regulator

125



HA17723G,HA17723
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Fig.9 Operating Characteristics of Negative
Voltage Switching Regulator

4. Fixed Voltage Source in Floating Type

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

Ve
Rs s.zmT
Vee [ve  zow
Vaer Veur |—
Vz Q
D 12V Re
Rzirod skl cL Lpee
35740 es—_ ju
- Vil +)Val -
Rz Rs EE COM c)
53.7kQ 23060 InF
Vour

Fig.10 Positive Voltage Floating Regulator

The output voltage Vout in the circuit, Fig. 10 is;

R, +R,

Vor= Re¥ Ry

R
X R—:“l> Veer

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

Vi
Rs 10k
J, o Vee| 1ve
Veer Vou L Re ‘J
210kQ
D 12V 3
Kz Vs Q
R2g ® RS oLl
97.6kQ %0
—— (o] =
Val4) Vul=) -
Rig Rig Lo
3.57kQ3 3kQS  Vee [COMP T 100pF
Vour

Fig.11 Negative Voltage Floating Regulator

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

Limiter
Vin
Vee Ve
- Rsc 300
Veer Vout A Vour
R
P 2.7kQ
SR
32.15kQ CL
< R‘
cs :5.6kQ
Vin(+) Vin( - )| »
2R
Fsokg Vee COMFﬂ_C‘ Lok
> ”

Fig.12 Fixed Voltage Source with Reduction
Type Current Limiter
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0 / Ios
0 100 200
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Fig.13 Current Control Characteristics of Fixed Voltage

Source with Reduction Type Current Limiter
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5.2 Fixed Voltage Source
Control

Turning ON/OFF External

v Rsc ~
VRer out VWA~ Vour
P ot
Note
2R
2.15kQ CL
Note) Insert when
cs| Vour 210V
Vin(+)  Vin(=)
3R Ves | COMP & scs®
4.99kQ M Control
T
L, 2D e Signal
InF
” ”

Fig.14 Fixed Voltage Source Turning ON/OFF

External Control
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Fig.15 Operating Characteristics of Fixed

Voltage Source
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External Control
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HA17800P,HA17800 Series

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
B FEATURES

® Output Current 1A is available.

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

® Eliminates external compensating circuit.

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

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

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

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

B CIRCUIT SCHEMATIC

iy

O 1 Input
Re Rs K
Ri SR Q Qs ]#Dz
Qio
G Ray Q7
Q2 R
Rs —O 13)0utput
Re.
Ry
——O'2)Common

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

@ 3-terminal Fixed Voltage

(T-220AB)

B PIN ARRANGEMENT

Item Symbol [HA17800P, HA17800 Series| Unit
Input Voltage Via* 35 \
Input Voltage Vi.ee 40 \%
Power Dissipation Press 15 w
Operating Ambient Temperature Topr —20 to +75 °‘C
Operating Junction Temperature T, . —20 to +125 ‘C
Storage Temperature Tos —55 to +125 ‘C
Note) * HA17805P to HA17818P and HA17805 to HA17818

* % HA17824P and HA17824
% % % Follow the derating curve
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Max. Power Dissipation Prmo: (W)

b}
2)
(3
4)

6,.=3.0°C/W !typ.:

6,.=60"C/W rtyp.-

O

1. Input
2. Common
3. Output

0 20 40 60 80 100 120

Ambient Temperature Ta (°C)

With Infinitely Large Heat Sink

5°C/W Heat Sink | Including Additional
15°C/W Heat Sink | Thermal Resistance
Without Heat Sink

5.0°C/W (max."

65°C/W max.’

Thermal Resistance

BTYPICAL CONNECTING CIRCUIT

v. O

(1) (3)
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0.33uF (2 0.1uF
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HA17800P,HA17800 Series

B HA17805P,HA17805 ELECTRICAL CHARACTERISTICS
( V=10V, I..=500mA,0°C<T,=125C, C.=0.33uF, C,..=0.1 uF;unless otherwise specified.)

Item Symbol Test Conditions min typ max Unit
T,=25C 4.8 5.0 5.2 \i
Output Voltage Vour - .
7V= V.20V, 5mA= L. <1.0A, Pr=15W 4.75 — | 5.25 V
) . 7V V.25V — 3 100 mV
Line Regulation SV, tine T,=25C —
gV V.12V — 1 50 mV
. SmA<L.=1.5A — 15 100 mV
Load Regulation SV, toad T,=25C
250mA < L = 750mA - 5 50 mV
Quiescent Current I T;=25C, Lou=0 — 4.2 8.0 mA
Qui L . Ch ol V= V.s25V — — 1.3 mA
uiescent Lourrent Lhange ¢ SmA< L= 1.0A - “ T o5 | ma
Output Noise \oltage Va Ta=25C, 10Hz= f=100kHz — 40 — A%
Ripple Rejection Ratio Ry f=120Hz 62 78 — dB
Voltage Drop Vikor l.=1.0A, T,=25C - 2.0 — %
Output Resistance Rou S=1kHz — 17 — mf)
Output Short Circuit Current Tos T,=25C — 750 — mA
Peak Output Current Lo peak T,=25C — 2.2 — A
T -ature Coefficient of :
emperature Loeticient © SVa/ST, | Lu=5mA, 0C=T,S125C — | 11| = |mvrc
Output Voltage

B HA17806P,HA17806 ELECTRICAL CHARACTERISTICS
(V=11V, L., =500mA, 0'C = T,<125°C, C..=0.33uF, Cor.=0.14F, unless otherwise specified.)

ltem Symbol Test Conditions min typ max Unit
. T,=25C 5.75 6.0 | 6.25 v
Output Voltage Vi - ; ;
8V < V.21V, 5mA< Lu = 1.0, Pr< 15W 5.7 — 6.3 \
. 8Vv= V.25V — 5 120 mV
[.ine Regulation SV, ine T,=25C -
9Ve V. m 13V — 1.5 60 mV
. N SmA< ..~ 1.5A — 14 120 mV
l.oad Regulation SV, foaa T,=25C - -
250mA < L. T 750mA - 4 60 m\
Quiescent Current I T;=25C, louw=0 — 4.3 8.0 mA
8V V,C 25V — - 1.3 mA
Quiescent Current Change Slq -
S5mAZ [ % 1.0A — — 0.5 mA
Output Noise Voltage V. Ta=25C, 10Hz< f< 100kHz — 45 - Y
Ripple Rejection Ratio Rits /=120Hz 59 75 — dB
Voltage Drop Vikor L.=1.0A,T,=25C — 2.0 — vV
Output Resistance R.u f=1kHz — 19 — mQ
Output Short Circuit Current Ios T,=25C — 550 — mA
Peak Output Current I, peas T,=25C — 2.2 — A
T re Coefficient of
emperature Loetficient © SVi/ ST, | Lu=5mA, 0°C = T, 125%C — | -o0s8 — | mv/C
Output Voltage
G HITACHI 129



HA17800P,HA17800 Series

B HA17807P,HA17807 ELECTRICAL CHARACTERISTICS

(Via=12.5V, Lo.:=500mA, 0°C = T;<125°C, C:,=0.33u4F, Co..=0.1x F, unless otherwise specified. )

Item Symbol Test Conditions max typ max Unit
Outout Volt. v. T,=25C 6.72 7.0 7.28 \
a ou
viput Yollage ' 9VE V=22V, 5mAS Lu=1.0A, Pr= 15W 6.65 — | 7.3 v
V= V,=25V — 5.5 140 mV
i i SV, tine =25"
Line Regulation 5 Tmece 10V= V= 15V — | 12 | v
N SmA=L.=<1.5A — 13 140 \
Load Regulation Vi 1o T,=25C = u
250mA < I,, < 750mA — 4 70 mV
Quiescent Current Iq T;=25C, Iou=0 — 4.3 8.0 mA
V= V,<25V — — 1.3 A
Quiescent Current Change dlq SmASI=1.0A — — 05 :A
Output Noise Voltage Vi Ta=25C, 10Hz< f<100kHz — 48.5 — A%
Ripple Rejection Ratio Rres f=120Hz 57 73 — dB
Voltage Drop Vbror Lu=1.0A, T,=25C — 2.0 — \
Output Resistance Rou: f=1kHz — 17 — mQ)
Output Short Circuit Current Ios T,=25C — 500 — mA
Peak Output Current I, peax T;=25C — 2.2 — A
Temperature Coefficient of . . N
SVeur/ST, Lu=5mA, 0'C=T,=125C — —0.8 — | mV/°C
Output Voltage
B HA17808P,HA17808 ELECTRICAL CHARACTERISTICS
(Va=14V, L., =500mA, 0'C < T,<125°C, C.,=0.33uF, C,..=0.14F, unless otherwise specified.)
Item Symbol Test Conditions min typ max Unit
T,=25C 7.7 8.0 8.3 \'
Output Voltage Vour
10.5V< V,,<23V, 5mA=< L..=1.0A, Pr<15W 7.6 — 8.4 A%
N 10.5VV,,=25V — 6.0 160 mV
Line Regulation Vo tine T,=25C
11V V,,=17V — 2.0 80 mV
N SmA=L.<1.5A — 12 160 mV
Load Regulation Vi toad T,=25C
250mA < Lo, = 750mA — 4.0 80 mV
Quiescent Current Iq T;=25°C, Low=0 — 4.3 8.0 mA
Qui c . Ch 81 10.5V=s V.25V — — 1.0 mA
t a
Hescent Turrent Thange ¢ 5mA= 1.~ 1.0A — — | 05 mA
Output Noise Voltage 1A Ta=25C, 10Hz<f<100kHz — 52 — A%
Ripple Rejection Ratio Rres f=120Hz 56 72 — dB
Voltage Drop Voror L.=1.0A, T,=25C — 2.0 — A%
Output Resistance Rou f=1kHz — 16 — mQ
Output Short Circuit Current Ios T,=25C — 450 — mA
Peak Output Current Li pea T;=25C — 2.2 — A
Temperature Coefficient of 5 . .
SVou/ST, Lu=5mA, 0C=T,<125C — —0.8 — mV/°C

Output Voltage
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B HA17812P,HA17812 ELECTRICAL CHARACTERISTICS
(Via=19V, I,..=500mA, 0'C < T,=<125°C, Ci»=0.334F, Co..=0.14F; unless otherwise specified.)

Item Symbol Test Conditions min” typ max Unit
T,=25C . . . \%
Output Voltage Vour 25 1.5 12.0 12.5
14.5V= V.= 27V, 5mA=< L. =1.0A, Pr<15W 11.5 — 12.6 \Y%
SVEV,.= — 0 240 \Y
Line Regulation SV, tine T,=25C 14.5 V.= 30V ! u
16V V,.=22V — 3.0 120 mV
) 5mAS L.$1.5A — 12 | 240 \4
Load Regulation OV, toaa T,=25C - i
250mA = [ = 750mA — 4.0 120 mV
Quiescent Current Iq T;=25°C, Lou=0 — 4.3 8.0 mA
i 14.5V< V., =30V - — 1.0 mA
Quiescent Current Change Jlq
5mA< L.=1.0A — — 0.5 mA
Output Noise Voltage Va Ta=25C, 10Hz< f <100kHz — 75 — Y%
Ripple Rejection Ratio Rrey f=120Hz 55 71 — dB
Voltage Drop Vorop L.=1.0A, T,=25C — 2.0 — \
Output Resistance Rou f=1kHz — 18 — m{)
Output Short Circuit Current Ios T,=25C — 350 — mA
Peak Output Current Lo peak” T,=25C — 2.2 — A
T t Coefficient of
emperature Toetlicient © OV/ST, | Lu=5mA, 0'CST,5125C — | -0 | = |mvc
Output Voltage
BMHA17815P,HA17815 ELECTRICAL CHARACTERISTICS
(Via=23V, I, =500mA, 0°C < T,=125°C, C.x=0.33uF, Cou.=0.1p F; unless otherwise specified. )
Item Symbol Test Conditions min typ max Unit
T,=25C 14.4 15.0 15.6 \'
Output Voltage Vou
17.5VS V,.<30V, 5mA= L. <1.0A, Pr<15W 14.25 — | 15.75 \Y
e Reslati ov e 17.5VS V.= 30V — 1| 300 mV
ine Heguation s ' 20V= V., 26V — 3] 150 mv
N 5mA< Lu<$1.5A — 12 300 mV
Load Regulation Vs ton T,=25C
250mA = [ = 750mA — 4 150 mV
Quiescent Current Iq T;=25C, Lou=0 — 4.4 8.0 mA
Qui C . Ch 81 17.5V= V.30V — — 1.0 mA
t
urescent Lrurrent Thange ¢ SmA= L.<1.0A “T =1 05| ma
Output Noise Voltage V. Ta=25C, 10Hz< f<100kHz — 90 — 1%
Ripple Rejection Ratio Riey f=120Hz 54 70 — dB
Voltage Drop Vokoe L.=1.0A, T,=25C — 2.0 — V'
Output Resistance Rou f=1kHz — 19 — mQ
Output Short Circuit Current Ios T,=25C — 230 — mA
Peak Output Current Lo pea T,=25C — 2.1 — A
Coefficient of
Temperature Coefficient o SVi/ST, | Lu=5mA, 0'CST,<125C — | -10| = |mwe
Output Voltage
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B HA17818P,HA17818 ELECTRICAL CHARACTERISTICS

(Vi=27V, L..=500mA,0C=T,=125C,Cin=0.33uF, Co..=0.11 F; unless otherwise specified.)

Item Symbol Test Conditions min typ max Unit
T,=25C 17.3 18.0 | 18.7 \
Output Voltage Vo 21VE V., =33V, 5mA= L= 1.0A, Pr= 15W 17.1 — 189 v
o 21VE Vi =33V — 15 360 mV
Line Regulation SV, tine T,=25C VS V.S 30V — 50 180 ~
N SmA=Lu=1.5A — 12 360 mV
L.oad Regulation SV, toa T;=25C P50mA< L= T50mA — 10 180 v
Quiescent Current Iq Ti=25C, Iou=0 — 4.5 8.0 mA
Quiescent Current Change Ol 21V= V. =33V — — 1.0 mA
SmAS Lu=1.0A — — 0.5 mA
Output Noise Voltage Va Ta=25C, 10Hz=f<100kHz — 110 — A%
Ripple Rejection Ratio Rres f=120Hz 53 69 — dB
Voltage Drop Voror Lu=1.0A, T,=25C — 2.0 — \
Output Resistance Rou f=1kHz — 22 — mQ)
Output Short Circuit Current lus T,=25C — 200 — mA
Peak Output Current Ly peak T,=25C — 2.1 — A
Tempecrature Coefficient of OVa/OT, | Lu=5mA, 0°C=T,=125C — | =10| = |mwec
Output Voltage
B HA17824P,HA17824 ELECTRICAL CHARACTERISTICS
(Va=33V, L..=500mA, 0'C = T;=125C, C:x=0.33uF, Cou:=0.1u F; unless otherwise specified.)
Item Symbol Test Conditions min typ max Unit
T,=25C 23.0 24.0 | 25.0 \
Output Voltage Vour
21V=V.,=38V,5mA< L. =1.0A, Pr=15W 22.8 — | 25.2 \
Line Regulation OV, tune T,-25°C 27V= V.= 38V - 18 | 480 mV
30V V., 36V - 6 240 mV
. SmA=L.=1.5A — 12 480 mV
Load Regulation OV, tost T,=25C
250mA = [,.. < 750mA — 4 240 mV
Quiescent Current Iy T;=25"C, Lou=0 — 4.6 8.0 mA
27TV= V.. =38V — — 1.0 mA
Quiescent Current Change dlq
SmA< L.=1.0A - - 0.5 mA
Output Noise Voltage Vi Ta=25°C, 10Hz= f=100kHz — 170 — A%
Ripple Rejection Ratio Rrey f=120Hz 50 66 — dB
Voltage Drop Viror Lu=1.0A, T,=25C — 2.0 — \
Output Resistance Rou f=1kHz — 28 — mQ
Output Short Circuit Current Ios T,=25C — 150 — mA
Peak Output Current I pest T,=25C — 2.1 — A
Temperature Coefficient of . N
OVou/dT, Lu=5mA, 0°C=T,£125C — | —-1.5 — | mV/C

Output Voltage
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B CHARACTERISTICS CURVE

PEAK OUTPUT VS. VOLTAGE DROP CURRENT RIPPLE REJECTION VS. FREQUENCY RATIO
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OUTPUT IMPEDANCE VS. FREQUENCY
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i APPLICATION NOTE

In HA17800 Series, external compensating circuits are
eliminated and easy mounting and radiation design like
transistors are enabled by employing the TO-220AB package.
Output current 1A is available when using a heat sink. To
protect devices from destruction, three protection circuit;
current limiter, one against load short circuit and one to
control the operating junction temperature, are built-in.
HA17800 series are usable fixed voltage sources and the
followings shall explain some examples of circuit construc-
tions and applications for further use.

1. Circuit Constructions of HA17800 Series
Fig. 1 shows the internal equivalent circuit and Fig. 2 shows
its block diagram of HA17800 Series.

? 1) Via
Re 4w Ra Rs Ris 0
g 500 100 100 0k
@ L
'/le
R
G L G
Rs Qis AN
a3 | ! l”' Ri'gry gR
200 30.2
an Qw\L 3) Vi
Reg LL ¥ £
27k Q
U 3 Q .
Vz =72V S
._ﬁ,,, Ris
6 Ris
R 2 S Ris
R “(‘i Qu 2 5.0k
500 Q
Q
Rio
6k
—(® Common
Fig.1 Internal Equivalent Circuit
of HA17800 Series
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Input ©-

QUIESCENT CURRENT VS. JUNCTION

TEMPERATURE
4.6
M HA17805 —
Iowi=0
4.4
s T |
o 42 —
z // ] - ™~
3 :
40 !
s H
H |
2
= |
38 |
i ! B
i I T
6 L
-25 0 25 50 75 100 125
Junction Temperature T, (C)
Fixed Current rotector for
| Source | Fewemunb
Starting _.]
Circuit
_@ Output Control Transistor
Protector |
for Load [
Short Circuit| g5 2Ry
O Output
4
:: Rig
—O GND
”r
Fig.2 Block Diagram of
HA17800 Series
(1) Reference Voltage Circuit

For examplaining the part generating the reference voltage,
the equivalent circuit shall be shown in Fig. 3. As this figure
shows clearly, the difference from the conventional method
using zener diodes is that the reference voltage is generated
by only the base-emitter forward characteristics of transis-
tors. The reference voltage VREF is;

Veer=Vsea+ Vees+ Vees+ Vees+Ralcoreooeee (1)
Rilci+ Ve =Rolco+ Vaps teemeereeeesmmneennns (2)
T - T P (3)
Ve = kl,nl_c .............................. (4)
q o
where, assuming that VBg1 = VBE3

SKET L Re e,

IEz—- quslan (5)
VREF=VBE3+ VBE(+VBES+VBEG+

KTR: ) Re e,

¢ R ng. (6)
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Input O

-0 Output

VREF

—O GND

nr
Fig.3 Circuit Generating Reference Voltage

In equation (6), the first four terms in the right to equal sign
are VBg and have negative temperature coefficient. On the
other hand, the last term has positive temperature coef-
ficient. Then, give value to Rq1, R2 and R3 so that VRgf =
5VgVREF/8T = 0. This reference voltage source which utilize
the base-emitter forward voltage of transistors has less noise
than the conventional ones using zener diodes. The output
voltage is as shown in Fig. 3;

Rzo
Rl9

(2) Protection Circuit

In the HA17800 Series three kinds of protection circuit are
provided. One is current limiter constructed by Rqq, Rz,
Ry and Qqs. Another is one to control output when load is
short circuited or the power dissipation of output transistor
Q47 exceeds a limit value, constructed by R4z and Djp. The
other is one constructed by Qq4 which prevents temperature
rise on the whole chip.

(3) Other Circuits

The Darlington connection, Qq4—Q3 in the Fig. 1 operates as
an error amplifier as well as a reference voltage generator. As
the collector load of Q3 is a load with high impedance con-
structing the fixed current source from Qg MOS capacitance
shall be applied to compensate the frequency characteristics
of the error dmplifier. It is aiming at stable operation when
load conditions changes. Q3 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.

Vour=Vrer (l+

2. CAUTIONS ON USE

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

When the power dissipation of HA17800 series exceeds to
1.67W, a radiator or a heat sink must be attached so that
the junction temperature is below the specified value. If

@ HITACHI

you use the radiators on the market, you must select one
with required thermal resistance and pay attention to mount-
ing. If you design by yourself, you can utilize the data in
Figs. 4 thru 6.

(An Example of Designing a Heat Sink)

o N T TTT7
= Natural Convection
o NN Horizonal Dosition |*
= NN
= —
z Aluminum Board
@ N (1L5mm width)
i \:‘f\\\
s Copper \\‘\
§ Board N
s (3mm width) q
i N ™
¢, ™
-4
= N
E
£
5
£

20 50 100 200 500 1,000

Heat Sink Area S (cm?)

Fig.4 Areas vs Thermal Resistance
of Heat Sink

1.0
=
2 08
< N\
g ~N
s /
i 0.6 ithout sj) con oil
g N |
-3 \
K] .
E 04 1th silicon i
]
2
=
g
2 o2
5
“©

0 2 4 6 8 10

Clamp Torgue Tkgeem)
Fig.5 Clamp Torque vs Contact
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40 [
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~ 20 W
S
B Without silicon oil o &/
Z
& 20 ]
<
Patampe=
@ /,
L 2 Bl (S e
: <]
E
o - N
= With silicon oil
| |
0 0.05 0.10 0.15 020

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

Assuming to design a radiator which is required when
HA17800 Series dissipates 10W in the condition of the
maximum ambient temperature is 50°C.
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(1) Ratings of HA17800 Series Junction Temperature T; =
125°C
Thermal Resistance 6j.c = 5°C/W
Junction — Case

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

3. APPLICATIONS

3.1 Fixed Output Regulators

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

Via
Input

HAL7RXX

Viur
Mutpur

. T,—T
cLo0= P—T" —0, .— 85
Thus the thermal resistance of the required radiator is;
6,= 1252505 —g.4—2.1C/W

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

2.2 Way to By-Pass

HA17800 Series may be used as regulators in a simple form,

but stable operation requires connection of capacitors for

by-passing at input and output as shown in Fig. 7. The
capacitor at input, C;, 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 capacitor at
output, Cq¢ is provided aiming at preventing oscillation and
improving transfer characteristics. The output impedance of
the regulator increases with increasement of frequency. 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 connected at output.

Vin Vour
o ? HAL7800 -0

L I
2z T(., [ = Cou

o - )

Common

Fig.7 Way to By-pass in
HA17800 Series

10?
s o
N Cowt =500 F T Low
@ Cowt =10
g N }
S A
a
£
>
s ! UPT1 . =500mA
< - -
1 I =
o« AL
i 100 1k 10k 100k M

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

136

2 Cowr

]’ 01k

0.33nF

Fig.9 Fixed Output Regulator
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Fig.10 Operational Characteristics of
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3.2 A Regulator with Increased Output Voltage
Fig. 11 shows the circuit diagram to increase output voltage
utilizing fixed output voltage. The output voltage Vgyt is:

Vo= (1 ’Ig—j) Vex+IoR:

where, Vy,: Output voltage in HA17800 Series
lq: Quiescent Current in HA17800 Series

Vi, 5 Vow
HAITEXX

lla

Fig.11 Regulator with Increased Output Voltage

If the resistance ratio, R2/R1 are equal, adopting smaller R
and R2 value enables to ignore the voltage drop because of
quiescent current, IQR2.

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

; I
Lowr =0
T
R =2.2k HA17824
w0 Re=1.1k
z // HAL7824
S 30 R =20.7Q ]
g // Rz=10.91§2
& 1 1
= 1HAL7812 Ri=2.2k
B Re=1.1k—]
H Ri=20.79
< HAITEIZ +—R, =10.90 —]
- N 1T _Ri=22k
10 HAI7805 +—p Z1 1]
1
Ri=
HAT7805 R;=fg;;§—1
| |
[} 10 20 40

Input Voltage Vi (V)

Fig.12 Operational Characteristics of the
Regulator with Increased Voltage

3.3 Fixed Current Regulator

Fig. 13 shows the circuit of a fixed current regulator to pro-
vide a fixed current. This circuit utilizes the fixed output
voltage of HA17800 series to generate a fixed current and is
easily designed.

@ HITACHI

HAL78XX 3

Tou

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

Vxx
R,
where, Vyy: Output Voltage of HA17800 Series
lg:  Quiescent Current of HA17800 Series

Towi=

+1a

500
HA17812
, Ri=24Q
Lour= 0.5A
400
=
: /
H 300
" /
e
(S
H
S|
100 HAI7812
] Ri=1kQ |
Tow=17TmA
L — | T
10 20 30 10

Input Voltage Via (V)

Fig.14 Operational Characteristics of
Fixed Current Regulator

If the resistance of Rq is small and Vxx/R1 is far larger than
1a, lout is nearly equal to Vyx/Rq. The maximum value of
the fixed current output, loy¢ is maximum output current of
HA17800 Series, 1.5A. Then, the power of the resistor R4
and the maximum power dissipation of HA17800 Series must
be considered.

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

tor

Fig. 156 shows the circuit of a regulator whose output voltage
is variable from 7 to 30 volts and Fig. 17 shows that of a
regulator whose output voltage is variable from 0.5 to 10V.
In each case, output voltage is controlled by an operational
amplifier and the output voltage is;

Vour = (H- %) Vix (In case of Fig. 15)
Ri+R>

— EAXS
Vo= R, TR, )X R, Vxx

(In case of Fig. 17)
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The relationships of the adjusting point potential of the
variable resistor, R, VR and output voltage, Vgt are shown
in Fig. 16 and Fig. 18. Operational amplifiers should be
selected considering supply voltage, common mode input
voltage range, output voltage range and so on. When oscilla-
tion happened, inserting a capacitor between Vi, and
Common Terminal is an effective measure.

V'é oL HA17805 |3
0.33 (L[ ‘ P
.33uF .
e
HA17741P§ h
Fig.15 Variable Output Voltage
(7 to 30V) Regulator
15
12 — V= —10V
;’ 9 //
Tos <
3
3 //
0 5 10

Adjusting Power Point Potential Vk (V)

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

13V< Vi <25V
o J_ Y Hazsos |3 j‘;
Ci 2% 0.334F l Lo
L_ 2
0.1uF
R
HA17741PS 10k(
RE—— p
Fig.17 Variable Output Voltage
(0.5 to 10V) Regulator
138

50 T
HAL7805
Via=35V
lowr=0~1.0A
a0
=
j 30
% ‘/
@
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10
_d/
0 5 10 15 20 25

Adjusting Power Point Potential Vi ()

The Variable Output Voltage (0.5 to 10V)
Regulator —Adjusting Power Point
Potential, V: Characteristics

Fig.18

3.5 Regulator with Increased Output Current

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

he(@) = Lo

~Irec

Vi

HAL78XX
Toree  Low

Fig.19 Regulator with Increased
Output Current (1)

Iau[ = ( 1+hFE\1¢}REG+hFE]q*hFEI

et (L,
Towee= Ty (R +1-1o)

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

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

Ve gz
Rse

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

Vi Rsc
O

Veu

HAL78XX o
—
7 Low
o.33uF_[ == 0.1uF
77

Fig.20 Regulator with Increased Output Current (2)

I
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g At
7 I 1 L’
7 H
1 ///
L T
L 4%

Qutput Current Jou (A)

Operational Characteristics of the Regulator

with Increased Output Current (2)

3.6 Positive and Negative Voltage Regulator

Fig. 22 shows the circuit of a regulator which provides both
positive and negative output, constructed by 2 devices of
HA17800 Series. The portion providing positive output is
basically the same as in 3.1 the fixed output regulator.

In the portion providing negative output, the input of
HA17800 series is floating state, output terminal Voyt is
grounded and the negative voltage is taken out of the
common terminal.

Fig. 22 shows the circuit to get larger power than the com-
mercial source. Its ripple voltage at output will be deter-
mined by the characteristics of the smoothing circuit and
ripple rejection ratio in HA1 7800 series —78dB typ: in case

of 05P, 05.

" Fig.21

\d
]

1 3 Vour
HA178XX —O0

==o1uF "
=014
12 ]

U s P

iy

——l E.

—] :I_Lt 2 == 0.1uF
T
= Veur
Fig.22 Positive and Negative Voltage Regulator
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Fig. 23 shows the smoothing capacitance C and ripple
characteristics at input and output when the transformer
K3-D69 is emploved.
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(a) Fixed Output Regulator
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(b) Input Output Ripple Characteristics

Fig.23 Characteristics of Fixed Output Regulator
with a Rectifier

3.7 Switching Regulator

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

Vinmin=Vxx+Vz(ZD))+ Ves(Q)

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

Fig. 25 shows the operational characteristics of the circuit in
Fig. 24.
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Fig.24 Switching Regulator
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Fig.25 Operational Characteristics
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[ ]
® 100mA 3-terminal Fixed - . I
HA178L00 Series *im i Preliminary
HA178L00 Series are 3-terminal fixed output voltage regula-
tors. ICs can be applicable not only for stabilized power
source, but also for zener diode because of its small outline
package.
B TYPE AND GRADE
Qutput Voltage | Standard A version
R Voltage tolerance | Voltage tolerance
Application % +5%
Industrial Use HA178L00P HA178L00PA
Commercial Use HA178L00 HA178L00A
(TO-92M)
HEFEATURES
@ Maximum Output Current 150mA (Tj= 25°C)
® Large maximum power dissipation 800mW HPIN ARRANGEMENT
@® High accuracy voltage series (+5%) is provided.
® Overcurrent protection.
® Small TO -92 MOD package enable high density as-
sembling.
BOUTPUT VOLTAGE AND TYPE
Output Voltage (V) Type
25 HA178L02
5 HA178L05
5.6 HA178L56
1LouT
6 HA178L06 5 GND
8 HA178L08 3.IN
9 HA178L09 Yoy
10 HA178L10
12 HA178L12 (Top View)
15 HA178L15
HCIRCUIT SCHEMATIC O In
Rs Ro
Q@ Q
§ R Qiz
Qs
Rz
+ Q Qu
Ris
E Ru %RN
R2
O Out
?Rls
Q >‘r @
o p
Rs
Rs R
Ruw § Ris
Quo
C
— & Re [ 2 i Q
5
? Rs Q
O GND
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HA178LOOP, HA178L0O0 Series

EABSOLUTE MAXIMUM RATINGS (7.=25°C)

Item Symbol HA178L00PA HA178L00A eries Unit
HAIL78L0O0P  HAI178L00
Input Voltage Vin 35 \%
Power Dissipation Pr 800* mW
Operating Ambient Temperature Topr —20to +75 °C
Storage Temperature Tog —55to +150 °C
* Value under 7, 225°C in case of more than, 6.4mW/°C derating be down.
1,000
s
VE 800
a
'g 600
L?; 400
H
[=9
% 200
=
0 " L
-2 0 25 50 75
Ambient Temperature Ta (C)
B HA178L02 ELECTRICAL CHARACTERISTICS
(Vin =10V, Lu=40mA, 0°C<T;<125°C, Cin =0.33uF, Cou =0.1uF)
HA178L02P HAI178L02PA
Item Symbol Test Conditions HA178L02 HA178L02A Unit
min | typ | max | min | typ | max
Output Voltage Vout T,=25C 2.32 | 248 | 2.64 | 2.38 | 2.48 | 2.58 \%
Line Regulation Vo iime | T;=25°C TVE V=20V — 35 ] 1% - | 9% mV
8V V20V - 30 | 100 - 30 75
1.0mA<u<150mA - 14 - - 14 -
Lr -7 Regulation 0Votoad | T;=25C | 1L.OMAS Low<100mA - 9.5 50 - 9.5 50 [ mV
1.0mA < low<40mA — | 45 25 - 45 25
Output Voltage Vou TV Vin <20V, 1.0mAS Luw<40mA 228 — 2.68 | 2.35 — | 2.61 v
Vin=9V, 1.0mA<I,u<70mA 228 | — 1268|235 — | 2.61
. T;=25C -] 30 6.0 -1 30| 6.0
Quiescent Current Ip T=125C — 55 — -y mA
Quiescent Current Change oly 8V'= V=20V — i B i mA
1.0mA< Lo =<40mA - =1 02 - -] 01
Output Noise Voltage Va T.=25°C, 10Hz<f=<100kHz - 30 - - 30 — | uv
Ripple Rejection Ratio RrEs f=120Hz, 8.0V= Vin<18V, T;=25C — 51 — - 51 - | dB
Temperature Coefficient of Output Voltage 8 Vour/8T;| Lour=5mA - -032| - - 1—=033 — |mV/C
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HA178LOOP, HA178L0O0 Series

BHA178L05 ELECTRICAL CHARACTERISTICS
(Via=10V, Iow=40mA, 0°C=Ty=125°C, Cin=0.33¢F, Cou=0.1uF)

HA178L05P HA178L05PA
Item Symbol Test Conditions HA178L05 HAI178L05A Unit
min | typ | max | min | typ | max
Qutput Voltage Vout T,=25C 4.68 50532 | 4.8 50| 52 \'%
TV V=20V - 55| 200 - 55| 150
Line Regulati 8Voiine | T;=25°C - mV
ne Feguiation o! ’ 8V= V=20V T | 10| — | 5] 100
1.0mA=< /o =150mA - 16 - - 16 -
Load Regulation 8Vo toad | T;=25°C | 1.0OmA =< Lw=100mA — 11| 60 — 11 60 | mV
1.0mA= Lou=40mA - 5.0 30 - 50| 30
TVE Vin <20V, 1.0mA= low=40mA 4.6 —| 541475 — 1525
Output Voltage Vour = : ik \%
Vin=10V, 1.0mA=lou=70mA 4.6 —| 54|47 — 1525
T;=25C - 30| 6.0 - 30| 6.0
i t Ci t A
Quiescent Curren Io T-125C — T 55 — 155 m
Qui tC ¢ Ch ol 8.0V Vins20V - -1 15 - -1 15 A
i m
uiescent Lurrent thange ¢ LOMA= Lou=40mA T =12 =] =] o1
Output Noise Voltage Va T.=25C, 10Hz=f<100kHz — 40 — — 40 — | uV
Ripple Rejection Ratio Rres f=120Hz, 8.0V= Vin=<18V, T;=25°C — 49 — — 49( — | dB
Temperature Coefficient of Output Voltage 0Vou/0T; | Towe=5mA — | =06 — — | =06 — | mV/C
Voltage Drop Virop T;=25C — 1.7 — — 1.7 — \Y%
BHA178L56 ELECTRICAL CHARACTERISTICS
(Via=11V, Iou=40mA, 0°C=T;=125°C, Cin=0.33uF, Cou=0.1uF )
HA178L56P HAI178L56PA
Item Symbol Test Conditions HA178L56 HA178L56A Unit
min | typ | max | min | typ | max
Output Voltage Vout T;=25C 524 | 56|59 | 538 | 56| 582 v
7.6V Vias21V - 50 | 200 - 50 | 150
Line Regulati Vo tine | T;=25 \Y%
ne Regwiation oo I VS Ves 21V " as [ s0] - | 45 100"
1.0mA< Low <150mA - 17 - - 17 -
Load Regulation 5Vo toad | T;=25°C | 1.0mA =, =<100mA — 11 60 — 11 60 | mV
1L.O0mAS Lo <40mA — | 50 30| "—] 50| 30
7.6V= Via=21V, 1LOmA=ou<=40mA 5.16 — | 6.04 | 532 — | 5.88
Output Voltage Vou o . o A%
Vin=11V, 1.0mA= Louw=T70mA 5.16 — | 6.04 | 532 — | 5.88
T,=25C — | 30| 60 — | 30| 6.0
i t t I A
Quiescent Current o T=125C — — T 55 — — {55 m
Qui ‘G ¢ Ch ol 8.5V Vins 20V - - 1.5 - - 1.5 A
ny
uiescent Current Lhange ¢ LOMAS Lo =40mA T ez =] =] o™
Output Noise Voltage Va T.=25C, 10Hz=</<100kHz - 40 - - 40 — | uV
Ripple Rejection Ratio RrEes f=120Hz, 8.5V< Vin=185V, T;=25C - 49 - — 49 — | dB
Temperature Coefficient of Output Voltage OVou/8T; | Tour =5mA — |—065 - — |—0.65 — |mV/C
Voltage Drop Viarop T;=25C - | 17 — -1 17 - v
143
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HA178LOOP, HA178L00 Series

BHA178L06 ELECTRICAL CHARACTERISTICS

(Vin=11V, Lu=40mA, 0°'C<T;=<125°C, Cin=0.334F, Cou=0.1xF)

HAI178L06P HA178L06PA
Item Symbol Test Conditions HA178L06 HAI178L06A Unit
min | typ | max | min | typ | max
Output Voltage Viour T;=25C 5.61 6.0 6.39 | 5.76 6.0 6.24 \%
Line Regultion o | T-C|SRE R el 8™
1.0mA =L <150mA — | 175 - — | 175 -
Load Regulation Vo 10as | T;=25C | 1.0mA =< Lo <100mA - 12 70 - 12 70 | mV
1.0mA=<Lu=<40mA - 55| 25 - 55| 35
Output Voltage Vo 81VS V=21V, 1L.OMAS Low <40mA 552 — 1648 | 57 -1 63 v
Vin=11V, 1L.0OmA< Lo <70mA 5.52 — 1648 | 57 - 63
. Ti=25C - 30| 6.0 - 3.0 6.0
Quiescent Current I T=125C — T 5s — - mA
R 9.0V V=20V - - 15 - - 15
Quiescent Current Change olq LOmA= lo=10mA — 02 — T o1 mA
Output Noise Voltage Va T.=25C, 10Hz<f<100kHz — 40 — — 40 — |uV
Ripple Rejection Ratio RrEey f=120Hz, 9.0V< V<19V, T;=25°C - 47 - — 47! — |dB
Temperature Coeffieient of Output Voltage 0Vou/8T; | Low=5mA - [=07] - = =07 — [mV“C
Voltage Drop Virop T;=25C — 1.7 - — 1.7 - \%
BHA178L08 ELECTRICAL CHARACTERISTICS
(Vin=14V, Luw=40mA, 0'C= T;< 125°C, Cin=0.33uF, Cou=0.1uF)
HA178L08P HA178L08PA
Item Symbol Test Conditions HA178L08 HA178L08A Unit
min | typ | max | min | typ | max
Output Voltage Vout T,=25C 7.48 80852 | 7.7 8.0| 83 A%
i i o | 105V Vin=23V - 20| 200 - 20( 175 | mV
Line Regulation §Vouine | T;=25°C W= V.=23v — 2l o = ol is
1.0mA =< low=<150mA - 22 — - 220 —
Load Regulation 0Votoas | T;=25C | 1.0mA= Low<100mA - 15| 80 - 15 80 | mV
1.0mA=< L, <40mA - 700 40| — 70| 40
Output Voltage Viu 10.5V< Vin=23V, 1.0mA < L, <40mA 7.36 —| 864 | 7.6 —| 84 v
Vin=14V, 1.0mA<Lu<70mA 7.36 —| 864 | 7.6 — | 84
. T;=25C - 3.0 65 - 30| 65
Quiescent Current I =150 — oo = T o0 mA
Quiescent Current Change ola 1V Va=23V - B - L mA
1.0mA< Lhu=40mA - - 02 - -1 01
Output Noise Voltage Va T.=25C, 10Hz<f<100kHz — 60| — - 60| — [uV
Ripple Rejection Ratio Rrey f=120Hz, 12V< V;, =23V, T;=25°C - 6 - — 45| — |dB
Temperature Coefficient of Output Voltage 0Vou/O8T; | Lout =5mA — [—08 — - |—=08] — [mV/C
Voltage Drop Viarop T;=25C - .77 - | - 17| - A%
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HA178LOOP, HA178L00 Series

BHA178L09 ELECTRICAL CHARACTERISTICS
(Vin=15V, Lu=40mA, 0°C<7;=125°C, Cin=0.33uF, Cou=0.1uF)

HA178L09P HA178L09PA
Item Symbol Test Conditions HA178L09 HA178L09A Unit
min | typ | max | min | typ | max
Output Voltage Vout T;=25C 842 | 9.0 /958 | 864 | 90|93 | V
. . oo | 1LAVES V=24V — 80 | 230 - 80 | 200
Line Regulation Vo iine | Tj=25°C V= V=4V T 20 60| = 20 160 mV
1.0mA =< Louw=150mA — | 245 - — | 245 -
Load Regulation Vo toas | T7=25°C | LOMA<Iou <100mA — 17 90 - 17 90 | mV
1.0mA=< Lo <40mA - 8.0 45 - 8.0 45
11.4VE Vin<24V, 1L.0OmA< Lw=40mA 8.28 — 19.72 | 855 — | 945
Output Voltage Vou V=15V, 1.0mASlou=70mA 828 | — o7 |ess| —|oa5| |
. T;=25C — | 31| 65 —| 31| 65
Quiescent Current Iy T=125°C T —Te0l -1 =1 60 mA
i 12V Vias24V - - 15 - - 15
Quiescent Current Change oly L OmAZ I < 40mh — T o2 = - mA
Output Noise Voltage Va T.=25°C, 10Hz=f<100kHz - 65 - - 65 — | uV
Ripple Rejection Ratio RRrEJ f=120Hz, 12V=< Vi,=24V, T;=25C - 44 - - 44 - |dB
Temperature Coefficient of Output Voltage OVou/8T; | Lowr =5mA — |-085 — — [—0.85 — |mV/C
Voltage Drop Vitron T,=25C - 1.7 — - 1.7 - A\
B HA178L10 ELECTRICAL CHARACTERISTICS
(Vin=16V, Iou=40mA, 0°C=T;=125°C, Cin=0.33uF, Cou=0.1u4F)
HA178L10P HAI178L10PA
Item Symbol Test Conditions HA178L10 HA178L10A Unit
min | typ | max | min | typ | max
Output Voltage Vout T,=25C 9.35 10(10.65| 9.6 10| 104 \%
. . | 125V Vias25V - 80| 230| — 80| 230
Line Regulation OVoune | T=25C oy Vi <o5v — 1 30| 170] — | 30| 170 |mV
1.0mA =< Low=<150mA - 26 - - 26| —
Load Regulation Vo toad | T;=25C | L.OMAS Luw=100mA - 18| 90| — 18| 90 | mV
1.0mA= Lou<40mA - 8.5 45| — 8.5 45
125V Via=25V, 1L.OMA<[u=40mA 9.2 —| 10.8| 95 -1 105
Output Voltage Vour - \%
Vin=16V, LOMA=</u=70mA 9.2 -1 10.8| 95 -1 105
. T,=25C - 31| 65| — 31| 65
Quiescent Current Ia 72125C — T 60l = . mA
X 13V= Vias25V - - 15| — -1 15
Quiescent Current Change &lq LOmAZ Lo = 40mA — T ozl = T o1 mA
Output Noise Voltage Va T.=25°C, 10Hz=/<100kHz - 70 - - 70 — |V
Ripple Rejection Ratio RrEs f=120Hz, 13V= V=24V, T;=25C - 43 - - 43 - | dB
Temperature Coefficient of Output Voltage OVou/8T; | Iow =5mA — 1—09 - - [—09 — [ mV/C
Voltage Drop Virop T;=25C — 1.7 - - 1.7{ - \%
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HA178L00P, HA178L00 Series

BiHA178L12 ELECTRICAL CHARACTERISTICS
(Vin=19V, Lu=40mA, 0°'C=T;=125°C, Cin=0.33uF, Cou=0.1uF)

HA178L12P HA178L12PA
Item Symbol Test Conditions HAL78L12 HAI178L12A Unit
min | typ | max | min | typ | max
Output Voltage Vour T;=25C 11.22 12112.78| 115 12| 12.5 A%
. . | 145V V=27V — | 120] 250 - 120 | 250
Line Regulation Vot | T=25C e Viza7v ~100] 2000 — | 100 200]™"
1.0mA<,u<=150mA — | 285 - — | 285 -
Load Regulation 8Votoad | Tj=25C | 1L.OMA< L <100mA — 20| 100 -— 20| 100 | mV
1.0mA=<louw=40mA - 10 50 - 10f 50
14.5V= V=27V, 1.0mAS< Luw=<40mA 11.04 —112.96| 11.4 - 12,6
Output Voltage Vou V=19V, 1.0mAS Lou=70mA 1104| —|1296] 14| 126
Quiescent Current Ia L=25C —| 31 65 - 31 65 mA
T;=125°C - - 6.0 - - 6.0
Quiescent Current Change olo 16V= V227V — - — i mA
LOmMA< lou=40mA - - 0.2 - =1 01
Output Noise Voltage Va T.=25C, 10Hz=/<100kHz — 80 - - 80 R IAY
Ripple Rejection Ratio RrEs f=120Hz, 15V=< Vin<25V, T;=25C — 41 - - 41 — | dB
Temperature Coefficient of Output Voltage SVou/8T; | Lour =5mA —|=10 - - | =10 — | mV/C
Voltage Drop Viirop T;=25C - 1.7 - - 1.7 - v
BHA178L15 ELECTRICAL CHARACTERISTICS
(Via=23V, Lu=40mA, 0°C=T;=<125°C, Cin=0.33uF, Cou=0.1xF)
HA178L15P HA178L15PA
Item Symbol Test Conditions HA178L15 HA178L15A Unit
min | typ | max | min | typ | max
Output Voltage Vout T,=25C 14.03 1511597 | 144 15| 156| V
Line Regulation Vo tine 7,—-25°C 175V V=30V — | 130| 300 — | 130| 300
20Vs Vins30V — 1| 110 250 —| 110| 250 |mV
1.0mA =< Lo =150mA - 36 - - 36 -
Load Regulation SVo toad | T;=25°C | LOMA = L =100mA — 251 150 - 25| 150 | mV
1LOmMAS Jow =40mA - 12 75 - 12 75
175V V<30V, 1.0mA<lu=40mA 13.8 —| 16.2|14.25 — 115.75
Output Voltage Vou \%
Vin=23V, 1.0mA=l,u<70mA 13.8 — | 16.2|14.25 — |15.75
Quiescent Current Iy 5=25C —| 32 65 —| 32| 65 mA
T;=125°C — - 6.0 - - 6.0
Quiescent Current Change oly 20V= V=30V — — L5 — — L5 mA
1.0mA<=/lou=40mA — — 0.2 - - 0.1
Output Noise Voltage Va 7.=25°C, 10Hz=f<100kHz - 90 - - 90 — | uV
Ripple Rejection Ratio RREs f=120Hz, 185V< Vi,<285V, T;=25°C - 40 - - 40 —|dB
Temperature Coefficient of Output Voltage 0Vou/8T; | Low =5mA - =13 - - |1—13 — | mV/C
Voltage Drop Viaron T;=25C - 1.7 - - 17 - Vv
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HA178MOOP,HA178MOO0 Series ® Vs resuistors

B FEATURES

® Output Current more than 500mA

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

® No external compensation circuit required.

® TO0-220AB package and easy mounting & easy design for
heat sink, as same as a transistor.

@ Built-in current control circuit protects elements from de-

®

struction by short circuit.
Chip junction temperature limiting circuit built in pro-
tects elements from thermal destruction.

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

® |ndustrialUse; . ............ HA178MOOP Series

@® Commercial Use; . . .. ... ...... HA1Y78M00 Series BEPIN ARRANGEMENT

H CIRCUIT SCHEMATIC

o O luput
A Re  Ris O

Qs Q X
r'7 1. Input
O Output 2. Common
3. Output
R
x 1203
b
Top View
R:
O Comman
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
X
Item Symbol Rating Unit 2 T e a
- 1
Input Voltage Vio* 35 \Y H 6 i N
H +
Input Voltage Via** 40 Ay L ; ™ 3 -
v £ |
Power Dissipation Prrxs 7.5 W Z: T N J
23, N
Operating Temperature Topr —20 to +75 °C is Bk @ I~
5 =45 T T1d~+~ I8
Junction Temperature T, ~20 to +125 C 0 20 40 60 80 100 120 140
Storage Temperature T —55 to +125 °C Ambient Temperature Ta (°C)
Note * For HA178MO05P ~HA178M18P, HA178M05~HA178M18 a Infi h .
* % For HA178M20P, HA178M24P, HA178M20, HA178M24 A" Infinity heat sink !
% % % Follow the derating curve shown below. @ 5°C/W heat sink | Included fixed thermal
(3; 15°C/W heat sink | resistance
4. No heat sink
thermal resistance
0,,=3.0C/W *
B STANDARD CONNECTING CIRCUIT PSIUCAE oy
. 8,.=62°C/W 'typ)
n '3 72°C/W ' max,

b0 I HA178MXX ] © Vot
G C2
oAsanFT (2) T().luF
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HA178MOOP ,HA178MO0O Series

B HA178MO5P,HA178M05 ELECTRICAL CHARACTERISTICS
(Vie=10V, L., =350mA, 0'C < T,<125°C, C:,=0.33u F, Coui=0.14F, unless otherwise specified.)

Item Symbol Test Condition min typ max Unit
T,=25C 4.8 5.0 5.2
Vour -
Output Voltage TVE V.S 20V, Pr=7.5W, 5mAS Lu=350mA | 4.75 — 5.5 v
7V= V225V, L., =200mA — 3 100
. . Vo = 257 s ,
Line Regulation ' DoBC V= Vz 25V, L= 200mA — 1 50 m
S5mA = L. =500mA — 20 100
i SV, e =25
Load Regulation foad T,=25C SmAZ L. 200mA — 10 50 mV
Quiescent Current Iy T;=25"C, Lou=0 — 4.5 6.0 mA
8V=V..=25V, [L..=200mA — — 0.8
. s s
Quiescent Current Change I, SA S 1. < 350mA — — 05 mA
Output Noise Voltage V. Ta=25C, 10Hz< f<100kHz — 40 — uV
i L X f=120Hz, | L..=100mA 62 80 —
Ripple Rejection Ratio Reey T, 25°C T Z300mA 62 30 — dB
Drop Out Voltage Virop L. =350mA, T,=25C — 2.0 — \Y
Output Short-circuit Current Ios T,=25C, V..=35V — 300 — mA
Peak Output Current Lo pear T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | 8V,ui/0T, | L.=5mA, 0°C = T,<125C — —1.0 — | mV/C
B HA178M06P,HA178M06 ELECTRICAL CHARAC TERISTICS
(Va=11V, L.;=350mA, 0'C < T,<125°C, C..,=0.33u4 F, C...=0.14F, unless otherwise specified. )
Item Symbol Test Condition min typ max Unit
T,=25C 5.75 6.0 | 6.25 .
y ot v
Qutput Voltage g 8V= V=21V, Pr=7.5W, 5mAS L= 350mA | 5.7 — 1 63
. 8V= V.25V, L. =200mA — 5 100
. i I Viine ,=25C. * vV
Line Regulation v Do TV Yz 25V, L= 200mA — | 15| 0 "
SmA <= [, = 500mA — 20 120
. i Vs | =257 N4
Load Regulation Viead T,=25C BmA= ... < 200mA — m 0 m
Quiescent Current I T;=25C, louw=0 — 4.5 6.0 mA
IV= V=25V, L.=200mA — — 0.8
. X s B A
Quiescent Current Change I, 5SmAS 1. < 350mA — _ 0.5 m
Output Noise Voltage Va Ta=25C, 10Hz<f<100kH: — 45 — MV
. - . f=120Hz, | L...=100mA 59 80 —
R . dB
ipple Rejection Ratio Rrer T,=95°C 1. = 300mA 59 80 —
Drop Out Voltage Virop I...=350mA, T,=25C — 2.0 — Vv
Output Short-circuit Current Iys T,=25C, V.,=35V — 270 — mA
Peak Output Current Lo pear T,=25C ) — 700 — mA
Temperature Coefficient of Output Voltage| 6V,./ 0T, | L..=5mA, 0°C=T,<125C — | —0.5 — | mV/C
B HA178MO7P,HA178M07 ELECTRICAL CHARACTERISTICS
(Via=12.5V, L..:=350mA, 0°C £ T,<125°C, C.,=0.33uF, Co..=0.1xF, unless otherwise specified. )
Item Symbol Test Condition min typ max Unit
T,=25C 6.72 7.0 7.28
Vi ot - \
Qutput Voltage v 9V= V.= 22V, PrS7.5W, 5mA< Lu = 350mA | 6.65 — 7.3
9VE= V=25V, L =200mA — 5.5 100 ,
i i Vit =25" y v
Line Regulation Vou T,=25C 10VE V.= 25V, 1..,— 200mA — 17 50 m
SmA = L. = 500mA — 23 140
i SV 1o =25 M
Load Regulation Ve toad T,=25C SmAZ .= 200mA — 10 70 m
Quiescent Current I T,=25°C, Lou=0 — 4.6 6.0 mA
. 10Vs V.25V, L. =200mA — — 0.8
Quiescent Current Change dlq SmAS L. = 350mA 00m — — 05 mA
Output Noise Voltage V. Ta=25C, 10Hz<f<100kHz — 48.5 — HV
. Lo . f=120Hz I..:=100mA 57 80 —
le R t R R ’ dB
Ripple Rejection Ratio e T,=25C | Tn—300mA 57 | 80| —
Drop Out Voltage Virop Lo =350mA, T,=25C — 2.0 — v
Output Short-circuit Current Ios T,=25C, V,.=35V — 260 — mA
Peak Output Current 1o peak T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | 0Vu/ST, | L..=5mA, 0°C = T,<125C — | —0.5 — | mV/C
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HA178MOOP,HA178MO00 Series

B HA178MO8P,HA178M08 ELECTRICAL CHARACTERISTICS
(Via=14V, I,.;=350mA, 0°C < T;=125°C, C:a=0.331F, Co.:=0.1¢F, unless otherwise specified.)

Item Symbol Test Condition min typ max Unit
T,=25C 7.7 8.0 8.3
Output Voltage Vou 10.5VS V., 23V, Pr<7.5W, mA < [ou = 350mA 7.6 — | 8.4 M
10.5V= V.= 25V, L =200mA — 6.0 100
i i SV tine = 25" : Vv
Line Regulation Ve D=25C V= V=25V, Lu—200mA = 20 50 "
5mA= . <500mA — 25 160
. i SV, roa =257 \Y%
Load Regulation Vi toad T,=25C A= 1= 200mA — 0 30 m
Quiescent Current Ie T;=25°C, Tow=0 — 4.6 6.0 mA
10.5V= V=25V, L..=200mA — — 0.8
. o . A
Quiescent Current Change Iq SmAZ L= 350mA — — 05 m.
Output Noise Voltage Va Ta=25C, 10Hz< f<100kHz — 52 — uV
. Lo . f=120Hz, | L.=100mA 56 80 —
- B
Ripple Rejection Ratio Rrer T,-25°C T = 300mA 56 30 — d
Drop Out Voltage Virop I..=350mA, T,=25C — 2.0 — \
Output Short-circuit Current Vos T,=25C, V.=35V — 250 — mA
Peak Output Current o pest T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | 0 Vo /IT, | Lou=5mA, 0C<T,=125C — | —0.5 — mV/°'C
BHA178M12P,HA178M12 ELECTRICAL CHARACTERISTICS
(Viu=19V, L..=350mA, 0°C < T,=125°C, C..=0.334F, Cous:=0.14 F, unless otherwise specified. )
Item Symbol Test Condition min typ max Unit
Output Voltage v T,=25C 11.5 12.0 | 12.5 v
14.5VS V., 27V, Pr<7.5W, 5mA < L, < 350mA 11.4 — | 12.6
. 14.5V= V., = 30V, L. =200mA — 8.0 100
i i SV, tine )=
Line Regulation v T=25C VS Vo= 30V, Lui— 200mA — | 20 50 mv
. SmAS Lo S 500mA — 25 240
. i SV, t0a =
I.oad Regulation Vi toad T,=25C FAZ < 200mA — 0 120 mV
Quiescent Current Ie T,=25C, Lou=0 — 4.8 6.0 mA
14.5V=V,=30V, [..=200mA — — 0.8
. - 5 .
Quiescent Current Change Iq SmAS < 350mA — — 05 mA
Output Noise Voltage V. Ta=25C, 10Hz< f<100kHz — 75 — uvV
i L . f=120Hz, | L,..=100mA 55 80 —
Ripple Rejection Ratio Reer T, 25°C T = 300mA 55 30 — dB
Drop Out Voltage Virap I...=350mA, T,=25C — 2.0 — \
Output Short-circuit Current los T,=25C, V.=35V — 440 — mA
Peak Output Current 1o peat T,=25C — 700 — mA
Temperature Coefficient of OQutput Voltage| 0 Vo /dT, | L =5mA, 0°C=T,=125C — —1.0 — | mV/C
B HA178M15P HA178M15 ELECTRICAL CHARACTERISTICS
( V=23V, .. =350mA, 0°C < T,£125°C, C..=0.33uF, Coue=0.14 F, unless otherwise specified. )
Item Symbol Test Condition min typ max Unit
, T,=25C 14.4 15.0 15.6
Output Voltage Vo 175V Vo230V, Pr7 5V, 5mAS [, = 350mA 1425 | — | 15.75 v
o 17.5V= V.= 30V, L, =200mA — 10 100
i i SV tine T,=25C .
Line Regulation v € [50VE Vo= 30V, Lou=200mA “1 30l s0] ™
o SmA S Lo S 500mA — 25 300
i SV, 10 ,=25C
[.oad Regulation Vi toad T,=25C SmAZ 1. < 200mA — 10 150 mV
Quiescent Current Iy 7;=25C, Lou=0 — 4.8 6.0 mA
17.5V< V=30V, L.=200mA — — 0.8
. . . s
Quiescent Current Change Iy BmAZ 1< 350mA — — 0.5 mA
Output Noise Voltage Vi Ta=25C, 10Hz= f<100kHz — 90 — Y%
i L . f=120Hz, | L,.=100mA 54 70 —
R )
Ripple Rejection Ratio Rrer T,=25C 1o = 300mA 54 70 — dB
Drop Out Voltage Virop I.=350mA, T,=25C — 2.0 — \Y%
Output Short-circuit Current Ios T,=25C, V.=35V — 240 — mA
Peak Output Current Lo peak T,=25C — 700 — mA
Temperature Coefficient of Output Voltage| 0 Vou/dT, | In=5mA, 0C=T,<125C — | —1.0 — | mV/°C
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HA178MOOP,HA178MO00 Series

B HA178M18P,HA178M18 ELECTRICAL CHARACTERISTICS
(Via=27V, L.;=350mA, 0'C = T,=125C, C:=0.33u4F, Co..=0.1xF, unless otherwise specified.)

Item Symbol Test Condition min typ | max Unit
T,=25C 17.3 18.0 18.7
Vour
Output Voltage 21VE V=33V, Pr=7.5W, 5mA< [, < 350mA| 17.1 — [ 189 v
o 21V= V=33V, L =200mA — 10 100
i i Vo tine = >
Line Regulation Ve Dm0 4V V= 33V, Lo = 200mA — 5.0 50 mV
5mA = [, = 500mA — 25 360
i Vs 1o ;=25 /
Load Regulation Vo toad T;=25C SmAZ 1. = 200mA — 10 180 mV
Quiescent Current I T;=25C, louw=0 — 4.8 6.0 mA
21= V..=35V, L..=200mA — — 0.8
i )
Quiescent Current Change Iq BmAZ [ = 350mA — — 05 mA
Output Noise Voltage V. Ta=25C, 10Hz<=/<100kHz — 110 — uV
. Lo . f=120Hz, | L.=100mA 53 70 —
Ripple Rejection Ratio Rrer T, 25°C 1 Z300mA 53 0 — },dB
Drop Out Voltage Virep L.=350mA, T,=25C — 2.0 — \
Output Short-circuit Current Ios T,=25C, V..=35V — 240 — mA
Peak Output Current Lo peak T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | 0V..//ST, | L.=5mA, 0°C=T,<125C — | —1.0 — | mV/°C
B HA178M20P,HA178M20 ELECTRICAL CHARACTERISTICS
(Va=29V, L. =350mA, 0'C < T;<125C, Ci=0.334F, C...=0.1xF, unless otherwise specified.)
Item Symbol Test Condition min typ max Unit
T,=25C 19.2 20 20.8
out A%
Qutput Voltage i 23VS V=35V, Pr=7.5W, 5mA= L. =350mA| 19 — 2
23V= V=35V, Lu=200mA — 10 100
. . oV 25 s
Line Regulation Ve DB VS Vum 35V, Lu = 200mA — | 50] w0 mv
o SmA < L., = 500mA — 30 400
” i Vo toa = /
l.oad Regulation Vo toad T,=25C SmA= . = 200mA — 10 200 mV
Quiescent Current Iy T;=25°C, lIou=0 — 4.9 6.0 mA
23VE V35V, Lu.=200mA — — 0.8
. 8 s
Quiescent Current Iq SmAS .= 350mA — — 05 mA
Output Noise Voltage Va Ta=25C, 10Hz<f<100kHz — 110 — uV
. L. . f=120Hz, | L. =100mA 53 70 — .
R B
ipple Rejection Ratio Rrer T,—25C T = 300mA 53 70 — d
Drop Out Voltage Virop L..=350mA, T,=25C — 2.0 — \4
Output Short-circuit Current los T,=25C, V..=35V — 240 — mA
Peak Output Current Lo pear T,=25C — 700 — mA
Temperature Coefficient of Output Voltage | 6V.../0T, | L.=5mA, 0°C=T,<125C — | —1.1 — | mV/C
B HA178M24P,HA178M24 ELECTRICAL CHARACTERISTICS
(Via=33V, L. =350mA, 0°C < T,=125°C, C.n=0.33uF, Co.e=0.14F, unless otherwise specified. )
Item Symbol Test Condition min typ max Unit
T,=25C 23.0 24.0 25.0
tput V ot A
Qutput Voltage Y 27V= V=38, Pr=1.5W, SmA< L= 350mA | 22.8 — [ 5.2
27V=V,,= 38V, L. =200mA — 10 100
Li . oV . _95° s v
ine Regulation Vo T=285C V= V=38V, Lo = 200mA — 1 5.0] 50 m
SmA< [,.. = 500mA — 30 480
Load Regulati SV, toa =257 ;
08T TemiTation Vo | T7BC [ 5mAS L= 200mA — | w0 ] ™
Quiescent Current Iq T;=25°C, Lu=0 — 4.6 8.0 mA
'S = = - - .
Quiescent Current Change dlq 21V V.= 38V, L.=200mA 0.8 mA
5mA < [, < 350mA — — 0.5
Output Noise Voltage V. Ta=25C, 10Hz<f<100kHz — 170 — MV
. . . f=120Hz, | L.=100mA 50 70 —
Ripple R Rat dB
PPe Tejection Tatio Ruer T,=25C [ 1..=300mA 50 | 1] —
Drop Out Voltage Virop Lu=350mA, T,=25C — 2.0 — \i
Output Short-circuit Current Ios T,=25C, V..=35V — 240 — mA
Peak Output Current L, peak T,=25C — 700 — mA
Temperature Coefficient of Output Voltage| 6 Vou/dT, | I..=5mA, 0°C<T,<125C — | —1.2 — | mV/C

.
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HA1835P .Vbltage Regulator Control with Fail Detector for Digital System

The HA1835P is a monolithic voltage regulator control
designed for microcomputer system. In addition to voltage
regulator, it includes watch dog timer function and power on
reset function.

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

B FEATURES

® 5V Regulated power supply control circuit
o Voltage drop can minimize with external PNP-type
transistor.
o Internal over current protection circuit for external
PNP-type transistor.
® Watch dog timer

(DP-14)

H PIN ARRANGEMENT

o Internal Digital band pass filter control circuit of pulse Ny
width detect type and Oscillation control circuit of Re E 14 ] RESET
cpnstant cu«:rent charge-dlscharge- type, so Wat'ch dog . [Z m ke
timer function controled by microcomputer’s soft-
ware. CLK E _‘__'_l Vee
o Band pass filter characteristic and Oscillation charact-
eristic can also set up at will with external circuit. R E E Cs
. .
Power on automatic RESET pulse generator o E E Veor
Vour | 6 II Comp
HEBLOCK DIAGRAM E
GND | 7 8 | Vad)
Via Ree Q Vou j
C ® A,
J_ Wy O (Top View!

r—-——-— & - 1Dl“"—

Current

Limiter

AAA

VVV
o
=

Reference

Voltage

Vevor Vour HAL835P
o .G}_ ———— i

Fail Detector Power on Reset Detector
CLK (Band Pass Filter) Reset Signal Oscillator

Ry Cr Rr Cr
300kQ 0.01uF 560kQ 0.1uF
i

RESET

RESET
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HA1835P

@l ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee 30 A%
Input Voltage Ve —0.3 to Vout \
VRESET 17.5 V

Output Voltage
VrEser 17.5 \
Ireser 2 mA

Output Current
IREser 2 mA
Control Terminal Voltage Veoxr Vee A%
Control Terminal Current Icont 20 mA
Power Dissipation Pr* 400 mW
Operating Temperature Range Topr —40 to +85 °C
Storage Temperature Range Tas —50 to +125 °C
Operating Supply Voltage Range Vee copn 6 to +17.5 \Y
Soldering Temperature Tsota 260 (T <10sec) ‘C

* Value under Ta<77C, In case of more than it, 8.3mV/C derating shall be done.

EEELECTRICAL CHARACTERISTICS (Ta=25C, Vcc= 12V,

Voue=5V unless otherwise noted)

Item Symbol Conditions min typ max Unit
Supply Current Icc Vee=17.5V, with PNP Transistor - 6.3 12 mA
® Voltage Regulator Control
Output Voltage Voul T A0 88'C, =0.5A 4.75 5 5.25 v

Vou? o S s, fu1a 4.70 5 5.30 v

Line Regulation Vaitne | Vee=6~17.5V, .=0.5A —50 - +50 mV
Load Regulation Vout 10ad Vee=13.3V, l.=10mA~0.5A —100 — +100 mV
Ripple Rejection Rrey ei=0.5Vrms, fi=1kHz 45 75 — dB
Limiter Operating Current Ies Res=0.2Q 1.0 — 2.0 A
Output Voltage Temperatur; Coefficient | 6Vou/o T ) — 0.6 - mV/C
®Watch Dog Timer
“L”-level input Current I Vii=0V —120 -60 — HA
“L"-level input Voltage Viu — — 0.8 \
“H"‘Ievel‘ input Voltage Viu 2.0 — — v
“H"-level input Current Iy Vee=13.3V, V=5V, Viy=5V — 1.8 3.0 mA
®Power on Reset
“RESET" Terminal Low-Voltage Vorl lor=2mA - - 0.4 v
“RESET" Terminal Leakage Current | Iosl Vou=5V — — 5 #A
““RESET” Terminal Leakage Current Ton3 Von=17.5V — — 30 HA
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HA1835P

Item | Symbol \ Conditions l min typ ] max | Unit
®Reset Time
Power on Reset Time ton 80 130 200 ms
CLK off Reset Time tari Ry=300kQ. Rk—560kQ, 60 130 220 ms
Reset Pulse Low Level Time th. Cr=0.01uF, Cr=0.1¢F- 40 80 160 ms
Reset Pulse High Level Time tRH 50 100 200 ms
B TERMINAL' S FUNCTION
Terminal No. Symbol Function
1 R« Connect the resistor “Rz”. Reset pulse width depended on “Rz".
2 Cr Connect the capacitor “Ci”. Reset pulse width depended on “Ce".
3 CLK Clock pulse input terminal for watch dog timer.
4 R, Connect the resistor “R,”". Frequency band width of filter circuit depended on “R,".
5 c gé)nnedctdthe ﬁayacitor “C,". Frequency band width of filter circuit
pended on “C,
6 Vou Copnect the external PNP-type transistor’s col}ector. ) )
This terminal supply 5V regulated voltage for internal circuit.
7 GND Ground.
8 Ve Output voltage fine tuning terminal.
9 COMP Phase compensate terminal. Phase compensate could o’btainedl
by the capacitor less than 100pF connected between Vce treminal.
10 Veonr The external PNP-type transistor's base control terminal.
1 Cs The current sense resistor that protect the external PNP-type
transistor connected between Vcc terminal.
12 Vee Supply voltage terminal. Operating supply voltage range is 6V to 17.5V.
13 RESET RESET pulse output terminal for “L" level reset type microcomputer.
14 RESET RESET pulse output terminal for “H" level reset type microcomputer.

Note) RESET and RESET terminal are open collector output type.
So both terminal should connect the pull-up resistor about Sk{).

B TEST CIRCUIT

VBou

2SB857D
Vions
Voo Vour
RESET
HAL835P RESET
RESET —0)—1
R/ Cr GND Rk Cr

Ry @]
300k ;; 0010

Ck
GND 500k ; 0.1u

@ HITACHI
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HA1835P

B APPLICATION CIRCUIT

0.2 258857

Vba .
Batt \C o AV o,
+ 5 Vhe
T 10 L Z 1001
' - = sk
<
cs Vee Veont Vour
RESET To Digital System
— -
HA1835P
CLK p—————0 From Digital System
-
R C GND Rr Ca
Ry .J_ Cr Ra -l-
560k == O Unit R:Q
0.1u

300k I 0.01u

B OUTLINE OF THE FUNCTION

(1) Voltage Regulator

o Wide operational supply voltage range. 5V regulated
output voltage realized wide Vcc range. (Vcc = 6 ~
17.5V)

o The external PNP-type transistor should selected by
supply current value that flows the system.

o For the realization of 5V regulated output voltage,
connect the more than 100uF capacitor between Vout
terminal and GND terminal.

(2) Method of Output Voltage Fine Tuning

o Output voltage fine tuning could obtained by the resis-
tor connected from Vadj terminal to Vout terminal or
GND terminal.

o The resistor connected between Vadj terminal and
Vout terminal could decrease output voltage.

o The Resistor connected between Vadj terminal and
GND terminal could increase output voltage.

(3) Current Limiter

o For the protection of the external transistor from over
current, connect the current sense resistor between Cs
terminal and Vcc terminal.

The value of current sense resistor is given by the
expression:

0.3v
Cs

(at Ta = 25°C)

lout (limit) ~

(4) Power on Reset

o The reset pulse could output for the microcomputer
reset start when power on.

o Reset time for microcomputer system reset when

C'F

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 éystem when system
run-away.

o 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.

o 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$2.

, System Burst

e

i
Reset Output Signal 3Hz

At R |

1
!
CLK :
|
I N
RESET

Power on Reset Signal

~
/] Ilultun l
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HA1835P

5
4 o
= (Ta=25C)
S
2 3
S
F
5
o Lot =0.1(A)
2 T
0.5(A)
T
h LO(A)
1
0
0 5 10
Input Voltage Vin (V)
Fig.1 Vin-Vout Characteristics

| IR
/ /
/N 0.2(2)

R=0.5(Q)

Output Voltage Veur (V)
/

(Ta=25C)

0 1 2
Output Current lour (A)
Fig. 2 Current Limit Operation Characteristics

b4 200 Il
& (T = 25CH Cr=0.220u F)
T
32 Cr=001(n F)
o E
e 0 ] /f/
£y 1
£ / Cr=0.047Cu F)
—t
0
50k 100k 200k 500k M
Resistor R (21
Fig. 3 R:-Reset “H"Time Characteristics
o 200 ! /
= (Ta=25C) Cr=0.220u k) /
a
o~ Cr=0.1
iz ) / (uF)
100
Lo
= E
ge / / L
2~ _ /_/%uu?( wkb:
0 e e sl |
50k 100k 200k 500k M
Resistor Re (Q)
Fig. 4 R:-Reset "L"Time Characteristics
200 J, vd
“a (Ta=25C)
E . L~
; Cr=0.22(u F)
3 Cr=0.10uF)
g |
O
g3 /// Ch=0.047( 1 F)
i = '
, ,L/
50k 100k 200k 500k M

Resistor Rr (Q)

Fig. 5 R:-ton Characteristics
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HA1835P

sk 20k
\ System Run-away
10k :_E Sense Region
' [ !
Q R K (Ta=25C)
) \ : N \
N / 2
2 \ 5 K.
< g
- E N
s o
%‘r 500 ,E Normal
E \ \4 @ Operation Region L
N Permission Operational : 500
E Clock 'Pulse Duty =
= \ ~ S
= 200 N
= \ - =N
~| &
N 100 N
100 Ny —
\ N 50 System Run-away
N Sense Region
- \
50 I\
20
30 20k 50k 100k 200k 500k M
0 20 10 60 80 100
Resistor Ry (Q)
Clock Pulse Duty (%)
Fig.6 Permission Operational Colck Pulse Fig.7 Clock Pulse Frequency Input RangeVS. R;

Duty VS. Freqency
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BN DATA SHEETS NSNS
A/D,D/A Converters

@ HITACHI

157



HA166 13A @8-bit Dual Slope Type A/D Converter

HA16613A is a 8-bit Dual Siope Type A/D Converter, which
is bipolar IIL structure and is designed for +5V mono power
source.
industrial equipment, etc.

B FEATURES

® Two-channel analog input

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

@® Oscillator and regulator are built in.

It is suitable for microcomputer, home appliance,

(DP-28)

i BLOCK DIAGRAM

Analog
Input

Ref. 4 1951 1981 (07
Vol < 129125 12% 2"y
2;)\/[age 2 20 20 2 1 g0 g5 g8 g7

QG.%LOAL@L@

i Scly
®—O0

DOT GND

Bl ABSOLUTE MAXIMUM RATINGS (Ta=25C)

MPIN ARRANGEMENT

» (]
5
2[4
15

# (8]
cHs [7]
N1 8]
N2 [9]
REF [10]
oFs [1]
16112}
160 [13]

GND1 [14]

-\

28] 2°
7]

26] DOT
[25] ADE
[24) ADS
23] vee
22] BIT
[21] CRY
20] TS
E 0sC
18] 0s1
[17) GND2
[16] vs
[15] REFS

(Top View)

Item Symbol Rating Unit
Terminal Voltage Vy —=0.3 to Vi¢ v
Supply Voltage Ve 7 \'
Standard Current of Power Source I, -5 mA
Logic Output Current I, +500 KA
Intégrated Output Current L. +200 rA
Operating Temperature T —-20 to +75 ‘C
Storage Temperature Tox —55 to +125 C
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HA16613A

B ELECTRICAL CHARACTERISTICS (Vcc=5V, Vrs=2.0V, Vzs=0.8V,

fosc=10kHz, Ta=25°C)

V.=2.4V constant,

Item Symbol Test Condition min typ max Unit
Conversion Time fose =200kHz — - 5.2 ms
Resolution - - 8or6 bit
T.=0~+40C - 0.39 -
Accuracy N =16 . 0.39+ %
i=—20~+75C - lstep -
Analog Input Voltage Range VinCopr 0 — Vee-2 \Y
Short circuit T.=0~+40C - +50 -
Standard Voltage Tmprature Dependency AVs/AT, ort ciredt - ppm/°C
between T.=—20~+75C - +100 —
Pin 15&16 Vee=4~6V
Standard Voltage Spply Voltage D dency |AVs/AV. -7 0 +7 V/V
ndard Yollage SPPY ge Dependency ST R=2.4k0 Lo courcer = — 500 A "
Standard Voltage Internal Resistance AVs/AIL I.=1~5mA - 2.4 5 Q
Oscillation Frequency Temperature _ o0 o _ _ e
Dependency Afos/ AT, | fose=100kHz, T=—20~+75C +0.3 %/°C
Oscillation Frequency Voltage Dependency |Af,../AVed foc=100kHz — +1.8 — %/V
Reference Voltage v Short circuit between Pin 15816, 1.110 | 1.20| 1.340 v
REF Lo soureer = — 50012 A ' | )
Analog Input Current Iin Vin=0V —0.2 - - HA
Lo ourcer Von=Vec/2 - -100 | — A
Logic Output Current* on= Vee/ 50 a
Iooinns Vor=9.4V 500 — - HA
I, Vin=0V —20 - — HA
Logic Input Current*
& P ’ Iin Viv=Vec - - 20 #A
Vi . - — \%
Input Voltage** - 1.0
Vi - - 0.4 V'
Operating Supply Voltage Range Viecoprs T.=—20~+75C 4 5 | Vic max Y
Maximum Operating Frequency Soscopr 200 - - kHz
- Power Dissipation Pr Vee=5V — 30 60 mW
Three-state Output Leak Current IoL Vi=0~Vee —5 — 5 MA
Note) % : Applied to 2°~27, ADE, & DOT.
% % : Applied to ADS, TS, CRY, BIT, & CHS.
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HA16613A

i TERMINAL DESCRIPTION

Terminal Description
Analog input voltage is applied. (INI ------ lchannel)
INT - IN2 IN2 - 2 channel
For switching the analog input terminal. 0 : 1 channel
CHS .
1 ! 2 channel
A/D Conversion end signal is applied. 0 : End
ADE . .
1 : under conversion
ADS A/D Conversion start signal is applied. When ADE=1, A/D
conversion starts at negative edge of ADS input signal.
A/D converted pulse is directly outputted between ADS and ADE.
DOT L .
( 3 state is impossible.)
For switching 6-bit or 8-bit full scale. 0 : 8bit
BIT . .
1 ! 6bit

Digit switching at 4-bit parallel transfer.
CRY (0 : 4 bit lower + 4bit upper)
1 : 4bit upper + 4 bit upper

Make 8-bit output terminal to be high impedance.
TS (0 . Output )
1 : High Impedance

Binary output terminal

097

202 During A/D conversion, the previous data is available.
Oscillator external terminal.

OSI, 0SC When a clock is applied from external part, a resistor of
some hundred k Q shall be added to OSI.

REFS - Vs Regulator terminal

REF Reference voltage for integrator is applied.

IGI - IGO Input & output terminal of integrator

Generally connected to GND.
OFSs Terminal for offset adjustment, in case of small digital
output through A/D conversion.
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HA16613A

LINEARITY CHARACTERISTICS

300 I
Vee=5.0V
250} — %s’ir;glakguzih-in Regulator —
200 A

E /

3 150

® /

3 100
50

0 0.2 04 06 08 10 1.2 14
Analog Input Voltage Viv (V)
CONSTANT VOLTAGE-TEMPERATURE
DEPENDENCY
1.25
I 1
Ve 5.0\l +47-————-~l~
Ri_~2.4k ! |

~ N I

—«é 1.20 Sy

(E - ] B .

2 - —H

115

11055 50 100
Ambient Temperature Ta (C:

B HINTS FOR USE

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

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

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

3. If an analog input changes during A/D conversion, there
may occur some troubles in the output data. In this case,
Sample & Hold is necessary.

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

sion Start) is more than or equal to 0 seconds. It may be
accepted that CHS and ADS are performed at the same
time.

@@ HITACHI

LINEARITY CHARACTERISTICS
(LEADING EDGE)

» Il
F— Vee=5.0V =
|| josc=200kHz W,
Rr=6.8kQ J
—18bit Full scale T
i
T
_ 20
3
z
2
=10 c
Connect ADE & ADS
- |
T
|
|
0 50 100 150
Analog Input Voltage by (m\:
CONSTANT-VOLTAGE INTERNAL
RESISTANCE
1.200
5
£
& T
+ 1.150
H
X
1.100. Vee=5.0
0 5 10
Current of Constant voliage
Regulated Power Source 1 mA

ENOTE

When input analog voltage of ZS or less, input analog voltage
of ZS or more and A/D conversion is done, after the maxi-
mum conversion time perform A/D conversion.
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HA17008R Series

@8-bit Multiplying Digital-to-Analog
Converter

HA17008R is a 8-bit monolithic D/A Converter, with a re-
ference current amplifier, a ladder resistor of R-2R and eight
high speed current switches built in. By establishing a re-
ference current and resistance, it is possible to change the
maximum output current according to the applications. And
it is pin-for-pin compatible with 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 255/256 of the reference current. For example, the
maximum output current gained from reference input
current of 2.0mA will be 1.992mA. ’
HA17008R provides a wide scope of application including
CRT display, control of step motor, programmable power
source, audio instrument, attenuator, etc.

B FEATURES

@ A linearity of +0.19% (+1/2 LSB) is guaranteed.

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

® | ow power dissipation, 135mW typ.

® Compatible with TTL, CMOS logic.

® Reference Supply Voltage is;
Vce = +15V, VEE = -15V.

® OQOutput Voltage Range is wide; ~10V to +18V.

B BLOCK DIAGRAM

LSB

Rlolofololelole

e @— Current Switches =
-

I O N B I I

R 2R lLadder Bias
Resistor Circuit

l [

\nm"@

HA17008RP

(DP-16)

HA17008RG

(DG-16)

Io

To

Vee

B PIN ARRANGEMENT

J
Threshold | 1 E Compensation

- (2] (15 vt
e 3] 4] e
o [4] [13] vee
MsBIA; 5 | 12] AuLsB)
A 6] (] a
as[7] [10] As
A 8] (9] As

)
\'NU“'®—_ Ref. ¢ ! aCOMPPHSaIion (Top View)
ef. Current Amp. .
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HA1 7008R‘Series

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Vee +18 \Y
Supply Volta
pply Totage Ver ~18 v
Digtal Input Voltage Vi Viu Vee to Veet+36V \
Reference Current Im 5 mA
Input Voltage Range of Reference Amplifier Vier Vee, Vee \
Power Dissipation Pr 500 mW
Operating Temperature T, -20 to +75 ‘C
Storage Temperature Toe* —55 to +125 °C
* : In HA17008RG;—65 to +150°C
B ELECTRICAL CHARACTERISTICS (Vcc=15V, Vip=—15V, I, =2mA, Vr5uc=0V, Ta=25°C)
Item Symbol Test Condition min typ max Unit
Relative Error Ex +0.19 %, FS
Settling Time(£1/2LSB) t, All Bits OFF to ON - 85 150 ns
Propagation Delay Time trvmt pen 35 60 ns
Maximum Output Current Drift Tero +10 +50 | ppm/°C
Digital Input Level Viu 2.0 Ay
¢ .
igital Input Leve Vi, - 08 v
1 Vin=5.0V - 0.002 10 A
Digital Input Current (MSB) v v “
1 Vii=0.8V -10 -2.0 #_r‘:_
Reference Bias Current Iis -3.0 ~1.0 HA
Vir=-5.0V 0 2.0 2.1
Output Current Range 1. A
i i ‘ Vii= ~8.0 to — 18V 0 2.0 4.2 -
Vier=10.000V
Output Current L Rus, R15=5.000k 194 | 1.99 2.04 mA
L min All Bits Low 0 2.0 MA
Output Voltage Range V. AF<)LSE 10 418 \Y
Reference Current Slew Rate SRI.., 4.0 8.0 mA/ s
I Vie=+5V g =1mA 1.8 3.8
It Vir= -5V 5.8 —-3.7
s Iy C t I.( V=45V IKM="2mA 1.9 3.8 A
u] y rrent - m
pply furre I, Vi =15V 78 | —5.8
I Vie= 415V Igrr=2mA - 2.1 3.8
Ik Vip=—15V ~7.8 -5.9 B
Supoly Volt o Irer=1mA 4.5 15 18 \
upply Yoltage Vi ITrer=1mA 18 15 ~4.5 v
Vee=45V I =1mA
Pn g dan e 33 48
o Veem 45V lrr—2mA
Power Dissipation Pr Vie= 15V 4 108 136 m\\
Vie=4 15V Txpr=2mA
Pr, (RN 135 174
Full Scale Current Difference Iss Iisi  Iis: ~8.0 +1.0 18.0 nA
Digita: Input Scale Vis 10 +18 v
Threshold Control Voltage Vrur Vrur= Vruc+1.3 -10 0 13.5 v
Digital Input Threshold Voltage 7 - Vi +1.3 v
Pss Irst | Vec=4.5t0 18V, Irer=1mA —100 - 100
Power Supply Current - mFs/%V
PPy Pss Irs | Ve——45to —18V, lr=lmA__| —100 - 00 |PPTES/ %
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HA17008R Series

OUTPUT CURRENT VS. OUTPUT VOLTAGE

2.5
Vee=—15V| Vegp=-5\ hey=2mA
2.0
z |
E
-
3 s
=
3
o
3 ey =1mA
S o
5
-3
: I
0.5
0
-15 -10 -5 0 5 15

Output Voltage Vorr (V)

OUTPUT CURRENT VS. DIGITAL INPUT VOLTAGE

2.0

5°CJ- 20°C|

Output Current lorr (mA)

0 1.0 2.0 3.0 1.0
Digital Input Voltage Viv (V)
SUPPLY CURRENT VS. AMBIENT TEMPERATURE
8
= Ley=2mA Ve = - 15V
E A
K
=
Z
< Vee=5v
Z 2
e
B
7
-0 =20 0 20 40 50 80 90
Ambient Temperature Ta ('C)
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OUTPUT CURRENT VS. REFERENCE INPUT CURRENT

Output Current lorr (mA)

Supply Current fcc,Jee (mA)

mA}

Supply Current [ce.lge (

4
3
2.
Max. Value
1 at Vep=-5V
0 1 2 3 4
Reference Input Current I,/ (mA)

SUPPLY CURRENT VS. SUPPLY VOLTAGE (1)

8
N ke
6
4
R Ieo
2 —
0 1 K 3 4 5 6 7
Supply Voliage Vee (V)
SUPPLY CURRENT VS. SUPPLY VOLTAGE (2)
8 T
hey=2mA
6 ek
4
) Iec
0 -5 -10 -15 =20

Supply Voltage Vir iV

DIGITAL INPUT CURRENT VS. DIGITAL INPUT VOLTAGE

Digital Input Current [y (mA)

0.3 T T
F ? ]
H +——1
! Vee=5V
;i | Vee=— 15\ +—
[
- f I bey =2mA
0.3 =N
0.2 + \
i |
0.1 + \
" I 2 3
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HA17008R Series

B EXPLANATION OF FUNCTIONS

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

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

Without R, g, 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
1k8§2, 2.5k, 5k, the lowest capacitance is 16pF, 37pF, and
75pF respectively. The capacitor shall be connected to VEg
or GND. When a high impedance is required, connect R, to
GND, and R, to the negative reference voltage. (Refer to
Fig. 2) In this case, capacitor for phase compensation must
be connected between Vg and pin 16. In case of using a
DC reference voltage, insert by-pass capacitor. It is not
recommended to use logic power source of 5V. In case of
using a high stable 5V power source for logic control, con-
nect the resistor to the reference power source, and ground
0.1uF capacitance from the connecting point.

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

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

MSB
Ax
Az
As
As 12-BIT
As D/A )
As
—o A7
M *oAnAuAr < 5.0kn
1.SB 7’ 50k
Vou
20V O0.14F
‘—o
1009 ]
Wai7ar ERROR
R Vee 1OV +1%.
9509
14 Tn
5
6
: R
SBIT g HAI7008R |, |
Counter 10
11
12
1516 3 2 1
1.0k T
Vir

Fig. 3 Circuit to Measure Relative Accuracy

A 0—7-"
Al o5
A, 0—3—-
As 0——]

10
An o——”—-
A: 0

12
Ax 00—

HA17008R

Fig. 1 Positive Reference Voltage

Vi
Ru=R
TI3

L

>

~

A

14

R;
125 AAA RIS,
HA17008R
4

 Veer 2

L
s
C

T T

Vir

R

Fig. 2 Negative Reference Voltage

a3

7,

HAL00R

W
100k2

BOLuE

Fig. 4 Circuit to Measure Settling Time
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HA17008R Series

B AN EXAMPLE OF OPERATION

® Current — Voltage Conversion by an Operational Ampli-
fier

Vee

Tl.’i

A o—> ] 14 R Vrer

he 2 15 Ris VREF = +2.0Vdc
A o Ru=Ris=1.0kQ
A o—B{  HAI7008R Ro=5.0kQ

As o—2 Ro

Vo

w’_I 3 | 11
15 J7 HA17741
15 Vee

The theoretical output is;

b )

326
Once values of VRgF, R, and R, is determined, the output
voltage will be 9.961V under the condition of all bits High.

Vo= Y (Ry) (G4 B4+ Bt ey

1 1 1.1 .1
vo=fil (F+ 5+ % +5 32 o1 T 128 T 75)

_‘_
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H A1 7 O 1 2 S eries @©12-bit Multiplying Digital-to-Analog Converter

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

8 FEATURES
@® With differential current attraction terminals (15, T,)
@® 4mA full scale output is gained with TmA reference input
current.
@ The settling time is short, 250ns (typ), and fast conver-
sion is possible.
® Possible to connect a digital input to TTL and CMOS
directly.
® Pin compatible with Am6012 of AMD Ltd.
Il ACCURACY
Linearity Accuracy Differential Accuracy
Type No. Bit LSB Bit LSB
HA17012B 11 +2 12 +1
HA17012C 10 +4 11 +2, -1

l BLOCK DIAGRAM

MSB

Bs Bs Bse Bs Be By B

0 Q
_—] 2] Bk

HA17012P

(DP-20N)

HA17012G

(DG-20NA)

B PIN ARRANGEMENT

.

Interface Circuit

1y
B0 | 3 18|
R Bio o

I
:

#l

| o——4
| o——4

»;#ll_;l i!l f 141 !1

lz G “ 0]
1

i
_1__6_| Comp

-0

Power Supply Ladder Circuit

B ABSOLUTE MAXIMUM RATINGS (7a=250"C)

s E: E oD
= i

B E L YN

s [10] [i1] e

(Top View)

Item Symbol Rating Unit
Supply Voltage vV +18 \
Logic Input Voltage Vi —5to +15 v
Analog Output Voltage Voer —8 to +12
Reference Input Voltage Vi V™ to V* \
Reference Input Current 1. 1.25 mA
Differential Reference Input Voltage Range Viscas, +18 vV
Operating Temperature Topr —20 to +75 ‘C
Storage Temperature * Tos —65 to +150 °C

*In HA17012P: —55 to +125C
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HA17012 Series

B RECOMMENDED OPERATING CONDITIONS
Item Symbo! |Recommended Value Unit VA(S~15V) - VT(=10.8~—15V)  Vaer5.0V
] v 5 to 15 v
Supply Voltage v 15 te —103 v
Logic Input Voltage Vi 0to V- \%
Reference Voltage Vier 5.0 A% b Ce TR Ris R
Reference Current L. 1.0 mA I T P sk [ske
Reference Input Resistance Rii, Ris 5.0 kQ 20 19 18 17 16 15 M 1B 12 o1
Phase Compen-sation Capacitance Ce 47 pF
Qutput Voltage Viur 0 A%
1 2 3 4 5 6 7 8 9 10
B ELECTRICAL CHARACTERISTICS (V- =—V = 15V, I..,=1mA, Ta=25°C)
. HA17012B HA17012C .
Item Symbol Test Condition - - Unit
min typ max min typ max
Resolution 12 12 12 12 12 12 bits
Differential Error DNL Vour=0V —0.025 —|+0.025{ —0.025 —| +0.05 %FS
Non Linearity NL V=0V —0.05 = +0.05] —0.1 —| +0.1 %FS
Full Scale Current Lis K2RV skq | 3.935| 3.009| 4.063 3.871] 3.99| 4.127] ma
Full Scale Temperature Dependency Alps/Irs — +10 — - +20 - | ppm/°C
Output Voltage Range Vie -5 - +10 -5 - +10 \Y
Full Scale Subtracted Current Irss Irs — Trs —2.0) £0.4 +2.00 —4.0f +0.8 +4.0 KA
Offset Current Izs — — 0.1 - - 0.4 rA
. to =+ LSB
Settling Time t, Allhbitsz ON.OFF - 250 — - 250 - ns
Delay Time v bt 50% to 509% - 25 — — 25 — ns
Output Capacitance Cout - 20 - - 20 — pF
Logic Input Voltage Vi - — 0.8 — — 0.8 v
Viu 2.0 - - 2.0 - - A%
Logic Input Current Iy =5V Vv +15V —60 - +20 —60 - +20 HA
Ligic Input Voltage Range Vis -5 - +15 -5 - +15 \%
Reference Current Range Trer 0.2 1.0 1.1 0.2 1.0 1.1 mA
Bias Current at Reference Terminal Ls -3 - 0 -3 — 0 1A
PSS-Irs” | 13.5VSV*<16.5V -10 - +10 -10 - +10| ppmFS/%V
Supply Voltage Dependency
PSS 1 —16.5V"£-13.5V -10 - +10 -10 - +10| ppmFS/%V
e T e e e
Supply Current r Vi =15V — 5.2 8.5 _ 5.2 8.5 mi
I V =-15V —23] —17.2 —|  —23 —17.2 - m
Power Dissipation P; 5':1_5}’5v - 336| 473 - 336 473] ™MW
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HA17012 Series

SUPPLY CURRENT VS.

6.0

5.0

Supply Current I" (mA)

1.0

Full Scale Current Irs (mA)

FULLSCALE CURRENT VS.
OUTPUT VOLTAGE RANGE

4.00

T T
V== V=15V
Ftles=1mA
__.4__————_
_—'—-‘——_
3.98
3.96
-5 0 10

Output Vuoltage Range Voc (V)

SUPPLY VOLTAGE(1)

Ve =15V {All Bits"H’
Irey=1mA All Bits L
lo =lo=GND
]
/
4 10 18

Supply Voltage V' (V)

SETTLING WAVEFORM(ALL BITS ON-OFF)

Input

lo 0.2V!div

t=50ns div

G HITACHI

FULLSCALE CURRENT VS.
SUPPLY VOLTAGE

4.00 —
Viorlt =15V
hey=1mA |

= V* Variable

E 7 T

£ P\~v Variable

£3.99

5

o

o

I

S

122

3

(%

3.98
4 10 18

Supply Voltage V.V (V)

SUPPLY CURRENT VS. SUPPLY VOLTAGE(2)

Supply Current I~ (mA)

18
L
Vo=—15V
| Ires=ImA
To=1lo=GN
AU
-17
-16
4 10 18

Supply Voltage V* (V)

o | L |

Digital Input To Oscilloscope
In
_ 100Q
lo
DUT
Note)
Probe Capacitance : Tplt
Test Circuit
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HA17012 Series

® APPLICATION NOTES

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

Vier ———

1 T 22uF(Tantalum)
a'[ g 0.1k

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

9th 10th 1th LSB Voor

v ? I 7 1 .il(il)'(‘)k Q

T T T Io

Il
j}l .f’% 6
/Y o

HAL7012

|
\

T
'
4
|

W\

1.0000k8 B

o%l — |k
_ _AAA

+ 20000V

® Bipolar Output Q

Yth 10th 11th LSB

(7 T 7

\\
\
/
/

{

1.0000k8

Vour
1 .
O

5
VW

-— ——

ot

RPN [

i

o
o
i
i
O
| O
o
i
e
o—¢
=i
-

#L

HAL7012

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

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

VREF

IREF = —¢
14

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

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

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

® Negative Reference Voltage

22 FCTantalum)
O dped”
K
Tk r=1.0000mA
Input Code I, 1. Ve Vier
MSB LSB | (mA) (mA) (V) (V)

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

Tkrr=1.0000mA

Input Code I. I Virr Virr
MSB [.SB | (mA) (mA) (V) (V)

111111111111 3.999 0.000 | —1.999 | +2.000
111111111110 3.998 0.001 | -1.998 | +1.999
100000000001 2.001 1.998 | —0.001 | +0.002
100000000000 2.000 1.999 0.000 | +0.001
011111111111 1.999 2.000 | +0.001 0.000
000000000001 0.001 3.998 | +1.999 | —1.998
000000000000 0.000 3.999 | +2.000 | —1.999
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HA17012 Series

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

9th 10th 1th

LSB

¢

7
l

,.______

_#3 L%L

1
i
1
I
1

}
|
)5
(

HA17012

® Unipolar Positive Output

9th 10th 11th

LSB

-

Voltage

2.5000kQ

HA17082

(Complementary Binary)

Vour

[

/
-

T . x
1 1 ] |
T T T 2.5000kQ
! ! ! ! AAA o
T T T T a VY
| ‘%L | 4l | #L | #L To Voor
[ Lo L [,
2.5000kQ
HA17012
HA17082
® Symmetrical Offset Output Voltage
9h  10th 1tk LSB
2.5000k@  2.5000kQ
A
JT"V W\
| ! ' ! é
i S A o
T T T T h g
RSV EES 18,8 + Vocr
L- [ L_# L-# To
# # 1.2500kQ
HA17012 HA17082
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—10V

10V

Digital Input ————————

Fs

Digital Input————e

+10V

Digital Input —
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H A1 7 4 O 8 S e r i es @8-bit Multiplying Digital-to-Analog Converter

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

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

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

FEATURES

A linearity of +0.19% (+1/2 LSB) is guaranteed.

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

Low Power dissipation, 157mW typ.

Compatible with TTL, CMOS logic.

Reference Supply Voltage is;

Vce = +5.0V, VEg =-5.0V, -15.0V

Output Voltage Range is wide; -5.0 to +0.5V.

B BLOCK DIAGRAM

Rlolelelelolels

Current Switches

LT T T T T T I

R-2R Ladder Bias
Resistor Circuit

| l

VREF‘”@ I
VnsF"’®—
Ref. Current Amp.

-®

HA17408P
(DP-16)
HA17408G
(DG-16)
H PIN ARRANGEMENT
/
NC E E Compensation
GND E E VRer™
Ve E E Veer'
In
)4 13| Ve
GND E :l !
iMSB)A, E EAnlLSBv
NG e
NG .
Al 8 E As
Vee
'Compensation (Top View)
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HA17408 Series

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol Rating Unit

Supply Voltage Vee 5.5 v
Ve —16.5 \

Digital Input Voltage V5 to Vi, 0to +5.5 \
Output Voltage V. 0.5, —5.2 \i
Reference Current m 5.0 mA
Input Voltage Range of Reference Amplifier Vier Vee, Vee \
Power Dissipation Pr 625 mW
Operating Temperature Topr —20 to +75 °C
Storage Temperature Tus* —55 to +125 ‘C

% In HA17408G: --65 to +150°C

B ELECTRICAL CHARACTERISTICS ( Vcc=5.0V, Vie=—15V, [.,,=2mA, Ta=25C)

Item Symbol Test Conditions min typ max Unit
Relative Error Ex — - +0.19 %FS
Settling Time( £1/2LSB) t, All bits; OFF to ON - 250 - ns
Propagation Delay Time Lpongt o - 30 100 ns
Maximum Output Current Drift Tero - +20 - pp/°C
Dicital tnput 1 | Viu 2.0 - - A
a ut Lev
il Tnput Teve v, - - 0.8 v
. i V//4=5‘0V - 0 0.04 mA
Digital Input Current(tMSB)
I V/I=0‘8V -0.8 —0.002 - mA
Reference Input Bias Current Im -3.0 —-1.0 - KA
Vir=-5.0V 0 2.0 2.1
Output Current Range Lk L mA
Vir=-17.0 to —15V 0 2.0 4.2
V..,=2.000V 1.9 1.99 2.1 mA
Output Current 1. R =10009
) R All Bits Low — 0 4.0 #A
Vie= -5V ~0.6 - +0.5
Output Voltage Range V. \%
P e mang Vi< — 10V ~5.0 “ 1 do0s
Reference Current Slew Rate STI.., - 4.0 - mA/us
I - 1.9 14 mA
Supply Current
Iie -13 —5.8 - mA
Sunnly Vol Vi 4.5 5.0 5.5 \
upply tage
ppiy oltar Vir 16.5 ~15 | 4.5 v
All Bits Vie=-5.0V - 34 136
o Low Vip=-15V - 97 265 .
Power Dissipation Py . mW
All Bits Vir=-5.0V - 34 -
High Vir= 15V - 97 -
Veo .
0.14F I
‘ TZAO\‘A
5 13 0.1uF
5 14 1.0KQ -
FEBAAASRTOR
7 15 1.0kQ '77
8 HA17408 1 VVY <
9 2 ' < 1.0kQ
4 ) To Measure
Settling Time
16
Sk Q 1]5pF L

Cos25pF
3 l
0.1.F
" Ver

Fig. 1 Circuit to Measure Settling Time
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HA19202 y HA19203 M P @4-bit A/D Converter

With development of the digital electronic technique, A/D
converters have been playing an important role of interfacing
analog-to-digital conversion. Requirement for the high-speed,

hi

gh-performance and low cost A/D converters is increasing

especially in color TV applications which need analog-to-
digital conversion for video signal processing.

The Hitachi A/D Converter HA19202 has a 4-bit parallel

sa

mpling system. The HA19202 is useful for video signal

processing.

FUNCTIONS

4-bit Comparators

Gray Code Converter
ECL-to-TTL Converter

Latch Circuits

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

FEATURES

Conversion Time

The sampling rate is 10 million samples/sec (max).
Output Stages

Open-collector type, TTL compatible

Expansion to 5-bit A/D Converter

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

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

Reference Voltage of Comparator

The power supplies, V|_ and V}, should have a low im-
pedance to prevent the external influence.

PIN ARRANGEMENT
HA19202

Ne 1] 22] NC
et [2] [21] K Sampling Clock)
(00334 Gnd) H E 20
(Vise) F E
(Viere) E E
(Viers) D E
(Vakro) € E
Jo

S

R (Latch ON'OFF)
[7¢] M Underflow)

] N2
_T_:']oz?
5] p 2
EEE

(Analogue In) A [9 73] J Gna)
Gnd) G 1o [13] L underflow SW)
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NCE» ENC

(Top View)

HA19202
a
(DP-22)
HA19203MP
(MP-18)
HA19203MP

WO K R
109 MM
v 5] 16 ] M
E[] 15) N
v 5] 15] 0
‘[
Bl7 12]Q

AU SHE

(Top View)
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HA19202, HA19203MP

B BLOCK DIAGRAM

Gray Code Conv.

—-—-
'
)
|
|
1 Sampling
! Clock
Pulse
Shaper
Clock
Pulse y
n
TTL
! b
|| -
1

4-Bit

Master

Latch
Gray

Underflow
Slave
Latch

Gray-to-Binary
Code Conv.

‘KlﬁKL'nderﬂow

Switching

4-Bit

Slave

Latch
Binary

Underflow

E

0 Gnd or to Ve

Master
Latch

6.
6
—i@
4

2% Out

Underflow
Out

IXEIBA
. Vi Vw2l
L Vesiat Ly JUESENY Ve
-
. .z E3 . —
K Inpur
i logue ) ‘
o T phovek, .
® - O ® Lo B ? Output o -
Sampling 9 : - @—_ ’—® ) D 2t Upr t Sinal g
Clak g o i __J
Pl ) @ M (010 pRONOXOXC ” - trin
T H
l % l 1 i-'ll_u = A D Converted Ot
o 08 2
Vi 6.0V 200N =
Fig. 2 Timing Chart
Fig. 1 Expansion to 5-bit A/D Converter
B ABSOLUTE MAXIMUM RATINGS (Ta=25C) '
Item S ym bol Rating Unit
Supply Voltage Vi 7.0 v
Input Voltage at K,L Via 7.0 Vv
Output Voltage at M.Q V. 15.0 Y
Power Dissipation Py 350 mW
Operating Temperature Range T.. - 10~+175 C
Storage Temperature Range T - 55~ 150 °C
Operating Supply Voltage Range Vi 4.5-6.5 vV
175
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HA19202, HA19203MP

Table 1: Output Patterns (4-bit)

a) L: GND b) L: Vcc
Vs Vs
Vo i o Vi Vi & Vi Vi Vi Vi Vio Vi Vio Viy Vis Vis Vo Vi i i Vi Vi Vi Vi V& Vi Vip Vi Vio Viy Vi, Vis
Q|L|L|H|L|H|L|H|L|H|L]H[L]H]L]H]L]R @|H|L|H|L|H|L{H|L|[H|L|H|L|H]LIH]LH
®|L|L|L|H{H|L|{L|H|H|L]L]H]H|L]L]H]R @|H|L|L|H|H|L|L|{H|H|L|L|H|H|L|L]H][H
@Q|L|L|L|L|L{H|H|H|H|{L|L|L|L|H|H|H]H O@|H|L|L|L|L|H[H|H[H|L|L|L|L]HH]H]H
®|L|LjLjL||L|L|{L|L|H|{H|H|H|[H]|H]|HH @H|L|L|L|L|L|L|L{L|H|H|H[H|H|H]|HH
®@|H{H|H|H|H{H|H|H|H|H|H[H]|H|H|H]H " ®@|L|H|H|H|H|H|H|H|H|H|H|H|[H|H|H]|H]H
Table 2: Output Patterns (5-bit)
Vs
Vi Vu
Vo i o Vi Vi V& Vi Vi Vs Vo Vg Vo Vie Vis Vie Vis Vo VI Ve W, Vi Vi Vo Vi Vi Vi Vio Vi Vip Vis Vi, Vis
2° |LIL|HILIH|L|H|L|H|L|H|L{H|[L[H[L]H]LTH]L]H LIH|L|HI/L|H|L|H|L|H|L|H
2" |[LILJL|H[H|L|L|H|{H|L|L|H|H|L|L|H]H]L]LH H|L|L|H{H|L|L|H|H|L|L|H|H
2 |[LILJL|LJL|H|H|H|H|L|L|L|L|{H|H]H]|H{L]L]L]L HI/H/H|H|{L|H|L|L|H|H|H|H
2s JLjnjrjefefu|L|L|L|H|{H|H|H|HlH|H]H]LILILIL LILJL|L|H|H|H|H|H|H|H|H
2 jvjrjujrjnyefrfufjoicie|e|o]cielelcalalaln HI/H/H|H|H/H|H|H|H|H|H|H
B ELECTRICAL CHARACTERISTICS (Ta=25°C)
Item Symbol Test Conditions min typ max Unit
Supply Current Iee Vee=5.0V;Input Clock Pulse=10MHz - 33 48 mA
Maximum Sampling Frequency fsc Vee=5.0V; duty =50% 10 - MHz
Pin-B Minimum Input Voltage Viv s Vee=5.0V 1.1 - '
Pin-F Maximum Input Voltage Viv ¥ Vee-0.7 \%
Pin-A Maximum Input Voltage Viv 4 - Vee=0.7 v
gil:slmélmanl;pl\;l Voltage Difference between AVer 1.0 v
Pins K and L Input Voltage(“H"Level) Vin 2.0 - Vv
Pins K and L Input Voltage(“L"Level) Vi - 0.8 Vv
Pins K and L Input Current(“H"Level) Ly Vie=5.25V; V,=2.7V - 20 HA
Pins K and Input L Input Current(“L”Level) I Vee=5.25V; Vi=0.4V - 0.4 mA
Pin-K Input Clamp Voltage Vik Vee=4.75V; I)x= —18mA - - -1.5 '
Pins M~Q Output Voltage Vil K:)(w=(“)u1iuvt Level: I, =8.0mA - 0.5 Y
Pins M~Q Output Voltage Vo (?u;;f]ii\\f Level: [, — 4.0mA — - 0.4 \Y
A-to-D Switching Threshold Voltage Vee=5.0V; Vy=1.8V; V,=3.8V ~ 50 0 +50 mV
Resistance between Pins B and C Rse 300 400 500 o
Resistance between Pins C and D Reo 300 | 400 500 Q
Resistance between Pins D and E Roe 300 | 400 500 Q
Resistance between Pins E and F Rer 300 400 500 9]
A-to-D Converter Frequency Response(1MHz) Siw Vee=5.0V; Referred to f=100kHz -1.0 0 +1.0 dB
A-to-D Converter Frequency Response(3MHz) fin Vie=5.0V: Referred to f=100kHz -3.0 0 +1.0 dB
Pin-A Maximum Input Impedance Ziw s Vie=5.0V; V., y=2.8Vye — - 100 Q

176
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H A1 9 2 O 9 P H A1 9 2 1 0 ®8.Bit Flash Type Analog- to-Digital C'onverter

The HA19209/210 are monolithic bipolar LSI’s for high
speed 8-bit A/D conversion with low power dissipation.
Digital data output and clock input terminals are compatible
with TTL and CMOS. The device is designed for video signal
processing application.

FEATURES

8-bit Resolution (Overflow Included).
Low Power Dissipation: 260mW (typ).
High Speed

Maximum Conversion Rate: 30MSPS.
Single Power Supply: +5V.

Input Clock Level and Digital Output Signal Level Com-
patible with TTL and CMOS.

(Can drive one LS TTL IC).

No Sample & Hold Circuit Necessary.
28-pin Package.

APPLICATIONS

Digital Television Set, Digital Video Tape Recorder.
Industrial Equipment with Computer for Pattern Recogni-
tion.

High Speed Measuring Instrumentation.

DIFFERENCE OF HA19209 and HA19210
See Output Code Table

EWBLOCK DIAGRAM

Vi

Vet

Vas

HA19209C, HA19210C

(DC-28)

HA19209P, HA19210P

(DP-28)

CLK CLK
Clock
Driver
[
>
25
1>
b3 | l
9 ' | )
' | I
>
1>l
I
1
I

Encoder Buffer

s AMAAM—- -
T

A
VAR

Comparator & Latch

25
| 2
| '
1
25! 8 24
o 5 to 8 N Output 2

GND

HPIN ARRANGEMENT

~e 1] N\ 28] Vs
k2] 7] vy
ak[3] %] ne
van [4] 2] Ne
o [5] 24 GND
vee [6] 23] Vee
NC E 22| OF
vua 3] 21| Var
vee [9] 20] Vee

GND E
o[
*[]
v

EEN
ol

(Top View)
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HA19209, HA19210

B ABSOLUTE MAXIMUM RATINGS ( 7.=25"C, unless otherwise specified.)

Item Symbol Rating Unit Note
Supply Voltage Vee +7.0 A%
Input Signal Voltage Vin 0to Vec A 1
Reference Input Terminal Voltage Vr 0to Vee \%
Clock Input Voltage Verk 0to Vee A% 2
Power Dissipation Pr 800 mW
Operating Temperature Range Topr 0to +70 °C
Storage Temperature Range Te —55to +125 °C

Note 1) Vin and Vi should not be lower than 1.2V at the same time
Note 2) Vewk and Veik should not be lower than 1.5V at the same time.

B ELECTRICAL CHARACTERISTICS ( 7.=25°C, Vcc=5V, Var=3.5V, Vas=1.5V, unless otherwise specified.)

Item Symbol Test Conditions min typ | max | Unit | Note
Resolution Vee=5.0V 8 8 8 bits
Supply Voltage Range Vee 4.75 50 | 525 A%
RT Vet Vee=5.0V Vs 3.5 | Vec —0.9 A%
Reference Terminal Voltage Range | RB VrB Vee=5.0V 1.2 15 Vet \Y%
RM Vem 24 2.5 2.6 \% 1
Input Signal Voltage Range Vin | Vee=5.0V Vs —0.1 = Ver =01 A%
Input Dynamic Range Vet — Vks — 2.0 21 | Vpp
Supply Current Icc Vee=5.0V, fcLk=20MSPS — 50 - mA
Reference Terminal Current RT [ar — 1 _ mA
RB IrB — —11 - mA
Input Current Lin Vin=4.1V — 70 - uA
Input Capacitance Cin fin=1MHz, Vi< Vin< Vir — 40 - pF
“H" Level Digital Output Voltage Vo fon =~ 40017 S 2 — v
Vouz ITon=—5mA — 4.0 - A%
“L” Level Digital Output Voltage VoL TorL=400uA - 0.6 0.75 A%
Clock Input Current I Verk © 0V to 2.7V — - 100 LA
“H” Level Clock Input Voltage Vi 2.0 - Vee \%
“L” Level Clock Input Voltage ViL 0 - 0.8 A%
Static Linearity N.L. - +0.5 - LSB 2
Maximum Conversion Rate fcLk max. | fin=3.58MHz 20 30 — | MSPS
Differential Gain DG FfeLk=20MSPS, NTSC, - 1.0 - % 2
Differential Phase DP 40IRE Unlocked - 0.5 — | Degree| 2
Clock Pulse Width b feLk=20MSPS - E — =
twi - 10 - ns
Digital Output Propagation Delay tpp - 33 - ns
DxAthal Output Rise ?lme triy RL=2K9, CL—10pF — 10 - ns
Digital Output Fall Time tTHL — 20 - ns

Note 1) For correction of reference voltage
Note 2) See Figs. 1,2 and 3
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HA19209, HA19210

BOUTPUT CODE TABLE

Output Code HA19209 HA19210

Input Voltage OF 27 26 2! 20 OF 27 26 2! 20
1471 0 0 0 0 0 0 0 0 0 0
Vre+1LSB 0 0 0 0 1 0 0 0 0 1
Vrp+2LSB 0 0 0 1 0 0 0 0 1 0
Vrs+127LSB 0 0 1 1 1 0 0 1

Vre+128LSB 0 1 0 0 0 0 1 0 0 0
Vrr—2LSB 0 1 1 1 0 0 1 1 1 0
Vrr—1LSB 0 1 1 1 1 0 1 1 1 1
Vit 1 1 1 1 1 1 0 0 0 0

EPIN DESCRIPTION

Pin No. | Symbol Function Pin No. | Symbol Function
1 NC Non Connection Pin 15 23 Digital Output Pin
2 CLK | Clock Input Pin 16 22 Digital Output Pin
3 CLK Clock Input Pin 17 2! Digital Output Pin
4 Vau Reference Voltage Correcting Input 18 20 Digital Output (LSB) Pin
5 GND | Ground Pin 19 GND | Ground Pin
6 Vee Power Supply Pin (+5V) 20 Vee Power Supply Pin (+5V)
7 NC Non Connection Pin 21 Vrr High Level Reference Input Pin
8 VrB Low Level Reference Input Pin 22 OF Overflow Output Pin
9 Vee Power Supply Pin (+5V) 23 Vee Power Supply Pin (+5V)
10 GND | Ground Pin 24 GND | Ground Pin
11 27 Digital Output (MSB) Pin 25 NC Non Connection Pin
12 26 Digital Output Pin 26 NC Non Connection Pin
13 25 Digital Output Pin 27 Vin Analog Input Pin
14 24 Digital Output Pin 28 Vs Connect 100kQ to Vee
HETIMING DIAGRAM FOR SAMPLING
Clock Input 1wH [ ———I___,_L_
Clock Input
(Inversed Phase)

Analog Input N+2
L Dat:
Digital Data Output ! l\?:l A Dﬁtiz A
! | : ! p : I |
! il 1 | | |
| 1 b |
1 ! | | |
| | il |1 | | |
L_ﬂ.: I L ITHL l ! tren | ; :
| | L ! | I ]
| ! | | |
T T T : - |
! ! | ! ! |
| : | 1 | |
Data I__Definite | Definite _| L_De_ﬁgit_e_’:
Condition | | |
| | : \ | ‘
l | ! I ! I
| I_ Indefinite ! | Indefinite _1 !
I e T e
l ! | i ] |
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HA19209, HA19210

B TEST CIRCUIT BLOCK DIAGRAM
1. Differential Gain (DG), Differential Phase (DP)

Video Signal | HA19209/210

#= D/A C =  *Vectorscope
Generator A/D Converter onverter

Clock Generator

|

Differential Phase (DP) Differential Gain (DG)
40IRE Modulated 401RE Modulated
NTSC Ramp NTSC Ramp
ferk=20Msps Unlocked ferk=20Msps Unlocked

Fig. 1 Fig. 2
3.0
20
L0
g
T o LAl N A prenSiamy i f Ao A
5]
2z
E
£ -0
3
-20
=30
Vra _—- Ver
Vix

Static Linearity (N.L.)

Vep=1.5V,

Static Linearity (N.L.) [Vkr=3.5v, ]
SerLk=20Msps

Fig. 3

180 @ HITACHI



HA19209, HA19210

Irv (uA)

Cinv (pF)

Von (V)

Vor (V)

150
100
50
/,
0 10 20 30 40 5.0
Viv (V)
Fig. 4
60
50
40
30
20
10
0 10 20 30 4.0 5.0
Vin (V)
Fig. 5
55
50 A
45
40 /‘
35 S
30
»
o v 4.0 45 5.0 55 6.0
Vee (V)
Fig. 6
12
10
0.8 /
o / —
04
0.2
0
[ 40 45 50 5.5 60
Vee (V)
Fig. 7

@ HITACHI

Analog Input Terminal
D.C. Characteristic
Vee=5.0V, Temp.=25°C
Ver=3.5V, Vas=1.5V

Input Capacitance
Versus Input DC Level

Vee=5.0V, Temp.=25"C
Var=3.5V, Ves=15V
fin=1MHz

“H" Level Digital Output
Versus Supply Voltage

(Temp.=25°C, fon=—400uA)

“L" Level Digital Output
Versus Supply Voltage

(Temp.=25°C, Jor.=4001A)
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6.0
5.0 \
4.0
=
A Differential Gain
o 30
I \ / Versus Supply Voltage
20 Serk=20Msps,
/ 40IRE modulated NTSC
0 RAMP unlocked,
. Vir=3.5V, Vap=15V
Temp.=25C
0 4.0 4.5 5.0 55 6.0
Vee (V)
Fig. 8
30 \
20 \ Differential Phase
"o \ / Versus Supply Voltage
8
3 ferk=20Msps,
& \ 40IRE modulated NTSC
S 10 . RAMP unlocked,
/ Vir=35V, Vin=15V
Temp.=25C
0 4.0 4.5 5.0 55 6.0
Vee (V)
Fig. 9
3.0
20
o
K
5 D
L;. 0 Static Linearity Error
] 10 © Versus Input Dynamic Range
g -
5 Vee=5.0V, feLk=20Msps
=20 Ves=1.5V
) Temp.=25C
-30 10 15 20

Input Dynamic Range (Vpp)

Fig. 10
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H A1 9 2 1 6 P @ 6-bit Flash Type Analog-to-Digital Converter

The HA19216P is bipolar LS| for high speed 6-bit A/D con-
version. Digital data output and clock input terminals are
compatible with TTL and CMOS. The HA19216P is designed
for video signal processing application.

FEATURES
6-bit Resolution (Overflow Included).
6-bit Latched High Impedance State Outputs.
Maximum Conversion Rate: 30Mgps .
Single Power Supply: +5V.
Digital Data Output, High Impedance State Control and
Clock Input Terminals Compatible with TTL and CMOS.
No Sample & Hold Circuit Required.
18-Pin Package.
Output Current
loL = 2mA (guaranteed)
lon = -5mA (guaranteed)

# APPLICATION
Pattern recognizor using a computer.
® High-speed measuring instrument.

EBLOCK DIAGRAM

(DP-18)

High Impedance

State
Buffer
: Comp. ||
% : X
L 1 ] CLK
R% TP 9
Comp.
3 L L CLK
R L - Q
A T CLK
Viy lﬁj Encoder
R Comp. Logic
33
’é L1
Comp.
R 2
Vks QW |
Riz Comp.
1

Comparator & Latch

)

3
GND

G HITACHI

HPIN ARRANGEMENT

N\
BGE e 18 | Bs
OF | 2 17 | B4
GND| 3 16 | Vay
Ne |4 15| B3
CEZE 14| B2
(_.E 13 | B
CLK| 7 12 | Ve
PHASE | 8 0 vy
l'kTE E\RM
(Top View)
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HA19216P

B ABSOLUTE MAXIMUM RATINGS (7.=25°C, unless otherwise specified.)

Item Symbol Rating Unit
Supply Voltage Vee +7.0 \Y%
Input Signal Voltage* Vin 0to Vec \%
Input Reference Voltage* Vi 0to Vee \%
Digital Input Voltage Vi 0to Vee A%
iArﬁg(leide;inZeoltage to Digital Output Pin in High Vo 0 to Vee v
Power Dissipation Pr 550 mW
Operating Temperature Topr 0to 70 °C
Stroage Temperature Ty —55to +125 °C

*:Vivand Vi should not be lower than 1.5V at the same time.

B ELECTRICAL CHARACTERISTICS (T.=25°C, Vcc=5.0V, Ver=3.0V, Vas=2.0V, unless otherwise specified.)

Item Symbol Test Conditions min typ max Unit
Resolution 6 6 6 bits
Operating Supply Voltage Vee 4.75 5.0 5.25 \
Quiescent Current Ice ferk=20 Msps - 50 84 mA
) ) RT Vet Ver> Vem> Vi - 3.0 35 A%
gz:}z’:nee Pin Voltage Setting RB Vrn Vir> Veu> Vin 1.5 2.0 - A%
RM Vim Vir> Veu> Vry (Ver 4 Ven)'24+0.1 \%
Input Dynamic Range Ver— Van - 1.0 1.3 | Vpp
Digital Input Voltage H Vi 20 - ( v
L Vi 0 0.8 \%
. H Iy Vi=27V - - 100 1A
Digital Input Current L o Vicoav 0o - A
o H Vou lon =-—5mA 3.4 3.8 A%

Digital Output Voltage N
L Vou. Tor=2mA - 0.61 0.76 \%
Digital Output Current* H Tozn Vo=5.0V - - 100 nA
L lozt Vo=0.5V - 100 - - uA
. RT Irr Vin=19V - 8 12 mA

Reference Current

RB Irn Vin=3.1V -12 -8 - mA
Input Current Iix Vin=3.1V - 20 50 uA
Input Capacitance Cix Ven< Vin< Ver, f( Vix)=1MHz - 15 - pF
Linearity Error N.L - | 174 - LSB
Max. Conversion Rate ferk max. . 20 30 - | Mses
Digital Output Propagation Delay trp Cr=15pF - 34 50 ns
Digital Output Rise Time triu Cr=15pF 10 15 ns
Digital Output Fall Time truu Cr=15pF - 17 33 ns
. . tzn 12 20 ns
Digital Output Enable Time ” — ® P ”
.. . . thz - 32 43 ns
Digital Output Disable Time " - 7 oS -
Vit =08V twn 28 - - ns
Clock Pulse twr. 15 - - ns
Width Voe =20V twn 10 - - ns
twr, 33 - - ns

% When high impedance state
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HA19216P

®Measurement Load of Digital Output, Enable Time, Disable Time

+5V
‘{ s
R1 2.4kQ
Measurement . . . :
Output Measurement @ (1. includes probe, capacity. floating capacity
Point of measurement equipment.
©® When {21, t1.z measurement: SW1; ON,
SW2; OFF
. sw2 When ¢zn, tnz measurement: SW1; OFF,
’( L SW2; ON
lapFl
HPIN FUNCTIONS
Pin No. |Symbol Function Pin No.|Symbol Function
1 B6 Digital Output (MSB) Pin 10 VB Low Level Reference Voltage Input Pin
2 OF Didital Output {Overflow) Pin 11 Vin Analog Input Pin
3 GND | Ground Pin 12 Vee Power Supply Pin
4 NC Non Connection Pin* 13 B1 Digital Output (LSB) Pin
5 CE: High Impedance Control Input to Digital Output** 14 B2 Digital Output Pin
6 CE: | High Impedance Control Input to Digital Output** 15 Bs Digital Output Pin
7 CLK | Clock Input Pin 16 Vam Refergnce Voltage Center Tap Pin
8 PHASE | Clock Phase Control Pin 17 B Digital Output Pin
9 Vir High Level Reference Voltage Input Pin 18 Bs Digital Output Pin
% Use with disconnected NC pin.
**CE | CE: |Bi-Be] OF H: High Level
L Low Level
ol L z z X Don't care.
L H H'L H'L Z : High Impedance
H H z H'L
ETIMING DIAGRAM
! Phase Comparator Data
(pin 8) is Latched
v / Data is Shifted Into Output Register
I
Clock Sample Latch
(pin 7)
0
|
B1~B6 & Data Valid

Data Valid
oF 0

- PIX

Data Valid
2

- fpv\7 ‘—iu’n

Phase Data is Shifted
N (pin 8) Into Output Register
Comparator Data is Latched
i —_
Clock
(pin 7)
0 |
|
1
1 1
BI~B6 & ! Data Valid Data Valid Data Valid
OF ! 0 2
0 !
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HA19216P

BINTERFACE

Viy Cl

64 Comparators

Analog Input

EMEASURING CIRCUIT
® Measurement of DG and DP

186

Verk (7
100Q

Venase g)

Clock Input

Vee é

~

High Impedance State

Control

Same as Pin 2

Digital Output

100Q

C?

High Impedancev
State Control Input

r : 6 TEKTRONIX
Video Signal HA19216 D/A Converter 520A
Generator A/D Converter

Vectorscope
20MHz

Clock Generator
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HA19216P

® Measurement of Analog Input Frequency Response

%}iegrzi‘]ator ;{?Dlgéiiverter = D/A Converter |—= Oscilloscope
20MHz

Clock Generator

HEHIGH FREQUENCY ANALOG INPUT RESPONSE

Differential Phase

40 /re Modulated
NTSC Ramp
ferk=20MSPS Unlocked

Beat-frequency waveform of 5.05MHz input signal-
sampling at 20MHz

RRIT
h,

0
!
!
-"\I

eh

50mV

= Input (1 Vpp
sine wave)

Differential Gain

40 Zrr: Modulated
NSTC Ramp

Beat-frequency waveform of 10.14MHz input signal-
sampling at 20MHz

50mV

- Input (1 Vpp
sine wave)
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Serk  20MSPS Unlocked
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HA13007 ®Quad. Driver

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

B FEATURES

@ Guaranteed minimum output breakdown of 60V, and
maximum output current of 0.7A,

Low output collector-emitter saturation voltage.
Compatible inputs with TTL, LSTTL and 5V CMOS.
Included integral transient suppression diodes for induc-
tive loads.

Less input current.

B PIN ARRANGEMENT

A4

OoUT A [T IN A
cramp [2 IN B
out 8 [3 ENABLE

GND [1 GND

aNp [5 GND
ot ¢ L6 Ve
CLAMP 7 INC
OUT D L8 IN D

-

(Top View)

EABSOLUTE MAXIMUM RATINGS (Ta=25C !

o

(DP-16A)
B TRUTH TABLE
ENABLE| IN ouT
H H L
H L H
L X

for each input:
H = High level: 2.0V
1. = Low level : 0.8V
< =lIrrelevant

Item Symbol Rating Unit | Note
Supply Voltage Ve 7.0 v 1
Input Voltage Vi 0 to Vee Vv
Output Voltage Vers 60 \
Output Current Tovr 0.7 A
Power Dissipation Py 1.85 4 2
Thermal Junction-Case 0, 15 |°'c/w
Resistance | Junction- Ambient 4, 60 |°‘C/W
Junction Temperature T 150 ‘C
Operating Junction Temperature Range Tip -40 to +125 ’C
Storage Temperature Range T. -55 to +125 °C

Note) 1. Recommended operating voltage Vec=4.75 to 5.5V
2. Thermal Resistances are as follows:
8j-41=60°C/W (Soldered on a print circuit board)

8j-a2 =35°C/W (Soldered on a print circuit board with copper sufficiently)

843 =15°C/W (Soldered on pin 4, 5, 12 and 13 with an infinity heat sink)
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HA13007

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=5.5V)

Item Symbol Test Condition min typ max Unit
Output Leakage Current Ickx Vee=60V, Vix=0.8V — — 100 HA
Output Sustaining Voltage Vee s | Vin=0.8V, Ic=10mA 60 — — N
. A Ic=0.4A — 0.3 0.5
Output Saturation Voltage Ver oo | Vee=4.75V, Vix=2.0V \Y
Ic=0.7A — 0.5 0.7
Input Low Voltage Vi — — 0.8 \Y
Input Low Current I Vin=0.8V, Ic=0 — -1 +10 MA
Input High Voltage Viu 2.0 — — \Y
Vix=2.0V - 0 +10 HA
Input High Current Iin Ic=0.7AX4
Vix=5.0V - - 1.0 mA
Supply Current (All Output ON) Is Ie=0.7A x4, V;x=5.5V (All Inputs) — 50 65 mA
Supply Current (All Outputs OFF) Iso Vix=0.8V (All Inputs) — 8.0 - mA
Clamp Diode Leakage Current Ix Ve=60V - — 100 MA
Ir=1.0A — 1.2 1.6 \
Clamp Diode Forward Voltage Ve Vix=0.8V
Ir=1.5A - 1.3 2.0 \
Turn-On Delay trin - 1.0 - s
Turn-Off Delay ten. - 0.3 — s
0.8 0.
0.6 0.6
= Ta=+85C / =
s a= ) -
25°C F —
LS —4uC 3/ £ |
=) 04 e 04
- %; :E
s = =3
. 5 = e
s = s 2
:i ‘g 02 // :5 LR
S & s
// Veemaniy -7 Ve =4.75V
o= 4 Viv=2.0V
¥ Viy =20V e =0.7A
0 0.2 0.4 0.6 (-)40 0 40 m
e (A) Ambient Temperature Ta (°C)
Vee oy — be ch.m—Ta
o | M APPLICATION
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HA1 3406W @ Three-phase Brushless Motor Driver

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

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

B FEATURES

® 3A Output Current Capability.

® | ow Output Saturation Voltage.

® Hall Amp with Hysteresis.

® With Over Temperature Protection.
®

Low Thermal Resistance Package. (SP-23TA)
@ ABSOLUTE MAXIMUM RATINGS (Ta=25TC)
Item Symbol Ratings Unit
Control Stage Supply Voltage (Note 1) Veer 7 \
Output Stage Supply Voltage (Note 1) Veea 15 \Y
Output Current 1, 3 A
Power Dissipation Pr 25 W
Junction-Case f,.. 3.0
Thermal Resistance ‘C/W
Junction-Ambient 4, ., 40
Hall Amp Input Voltage Va 0 to Veen v
Direction Voltage Vo 0 to Vee \Y
Control Voltage Vere 0 to Vee, \Y
Junction Temperature T, 150 ‘C
Operating Junction Temperature Range Tiop -20 to +125 ‘C
Storage Temperature Range T, —55 to +125 C

stg

Note) 1. Recommended Operating Voltage

min typ max Unit
Veer 4.5 5.0 5.5 A
Veee 10.2 12 13.8 \'
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HA13406W

B ELECTRICAL CHARACTERISTICS (Ta=25TC, Vcc1=5V, Vcc2=12V)

Item Test Conditions min typ max Unhit }‘:ls”:ninal Note
Veer - 10 15 mA 3
VerL=0V
Veee — 10 15 mA 1
Quiescent Current
Vert="Veer | Vee — 10 15 | mA 3
Total _
R.=0Open
Veee — 105 150 mA 1
Thermal Shut-Down Vert="Veer, In=0.1A — 150 - T 1
Temperature .
Input Bias Current — — +50 1A 18~23
Hall Amp to Input Common-mode - 5
Logic Voltage Range 2.0 3.0 v Ditto
Hysteresis width R.=220Q 15 — 30 mV Ditto
Sustaining Voltage Ie=20mA 15 — — VvV {13.15.17
Output Leak Current Ver=15V — - 10 mA Ditto
Saturating Voltage Verr=Veer, Tn=2.8A — 2.8 3.8 v Ditto 2
{;ternal Reference 935 2.5 2.65 v 6
oltage
Output Resistance ‘_ 2.5 o KO Ditto
of Reference
Buffer Threshold Voltage In=20mA — 100 — mV 8 3
Vern =5V - 0 +10 nA Ditto
Input Current
Vern =1V - -3 +10 «A Ditto
Voltage Gain In=0.8A, f-=500Hz - 0 - dB 11
Input Offset Voltage | Io=-20mA — 100 - mV 12
Control Amp
Voltage Gain In==0.8A, f-=500Hz — 0 - dB 11
Leak Current Ve =15V - _ 1.0 mA 2
Comparator
Saturation Voltage Ic=20mA - 1.0 1.5 \% Ditto
Voltage Range for o
Forward Mode 2.0 5 v 4
Voltage Range for - .
Direction Reverse Mode 0 0.7 v Ditto
Vin=GND -1.2 - mA Ditto
Input Current
V=5V - 0 - mA Ditto
Notes? 1. The specification indicates the temperature of the case.
2. The specification shows the sum of the upper and lower saturation voltage.
3. Reference to pin 6.
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HA13406W

HEBLOCK DIAGRAM

U-Hall g.}

V-Hall g->

W-Hall

Direction
Hi i Forward (4
Lo Reverse

O -0 o

Control
Voltage

Determining
Threshold Voltage |

B APPLICATION
®LINEAR DRIVE

m Detecting Output Current

5 ) Stabilizing Neutral Point

Veer

.
;[ 3

>
> R

-——
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HALH06W
______ I |

C‘,P Feed-back

‘@ Phase Compensation

o Comparator Out

U.V.W : OQutput Amp

B * Buffer Amp

CTL  : Control Amp

C - Comparator

D * Direction

N  Neutral Point Feed-back
P * Protector

Veez
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HA13406W

Description :

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

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

(R106+R107)
R107

Vere 2 Vaey

VC TL VRe/

Io= Rur

where

External Components

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

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

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

Parts No. Recommended Value Purpose Note
R, R — For hall elements bias 1
Rios, Rioe, Rios 10Q (1/4W) For stability
Rios, Rior —_— For determining the control amp gain
Rwr 0.220 (2W) For detecting output current
Cin 1uF/16WV For phase compensation of control amp
Cioz 10uF/16WV For stabilizing the neutral point
Cios, Cios, Cios 10uF/16WV For stability 2
Cos 0.1xF For power supply by-passing
Cior 1004F/16WV For power supply by-passing
Notes) 1. Determine it so that the input voltage of hall amp (AC} will be more than 100mV,.y.
. 2. If the system will be adversely affected by the spike voltage at commutation, make it larger tmax 22uk'i.
®HIGH EFFICIENCY DRIVE
L1 Q
\Z ! Veea
T _d} HALHBW é_ ‘
Cro SR CT-- U777 T | l)\ Cron
> ] —
Q } Ruox
L I
Croy B
0
(; o0
I H,\,._.
C Cine Rine
Rioz Bz ol
D
| X SRy
i L
4 D M E:R""'jh'
| t Rz
T et
| SR
|
! R
109
|
4
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HA13406W

Description :

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

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

To the comparator C, the voltage which appears at current
detection resistor Ryg feedbacks, so that the relationship
between the current which flows the motor coil, lo and the
control voltage VT is also shown in the equation (1).

External Components

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

e RoeRao
o= AL Rung @)

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

Parts No. Recommended Value Purpose Note
Rioi, Rio —_— For hall elements bias
Rios, R, Rios 100 (1/4W) For stability 1
Ros, R.a:‘ —_ For determining the control
Rios 2.2k (1/4W) For preventiﬁg from error-operation caused by the leak current
Rios 2.2kQ (1/4W) For limiting output current of comparator
R — For determining the hysteresis of comparator
Ru 4.7kQ For bias of Neutral Point Feedback Circuit
Rk 0.22Q (2W) For detecting output current
Cra 100uF/16 WV Low pass filter
Cios, Cios, Chos 0.1uF For stability 1
Cior, Cis 0.1u4F For power supply by-passing
L, 1mH Low pass filter
Q —_— For switching power supply
D, e Fly Wheel Diode

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

® HIGH FREQUENCY DRIVE
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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 control 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. Recommended Value Purpose Note
Riot, Rioz — For Hall elements bias
Rios, Rios, Rios 10Q (1/4W) For stability ) 1
Ros 1kQ For output stage bias
Cios, Cios, Cros 0.1«F For stability
Cis, Cror 0.1«F For power supply by-passing
Notes) 1. If no oscillation occurs, it may be deleted.
® TIMING CHRAT
U V \
: 1
Hall Amp Input 0 7 7 N\ 4 , S;ilreﬁerzﬂ
, g X
120° | 120° | 120°
Veez
U Output
(13in) Ve [
2 L
oF
Veea |
2/ Output v —
17pin) Aeezl
pin S \_| ’_r L_
0F
Veer
W Output —
(15pin Vee
2 L
0
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HA1 3408 @9-channel Power Driver

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

B FEATURES
@® High output Current (MAX 1.5A/channel)
® High Sustaining Voltage (MIN 50V)
® | ow Saturation Voltage
® Low Supply Current
® [ ow Input Current (SP-23TA)
® Compatible with TTL, LSTTL & 5V-C-MOS
® |ow Thermal Resistance Package
@® With Zener Diode
B ABSOLUTE MAXIMUM RATINGS (Ta=25T)
Item Symbol Rating Unit Note
Supply Voltage Veer 7.0 \
Input Voltage Vi Veer \
Output Voltage VeE o 50 A%
Output Current Io 1.5 A
Power Dissipation Pr 20 W 1
Junction Temperature T, 150 ‘C
Operating Junction Temperature Range Trup —20 to +125 ‘C
Storage Temperature Range T —55 to +125 °
Note) 1. Thermal Resistance 6j-a <40°C /W
Bj-c= 3°C/W
B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc1=5V)
Test Item Symbol Test Conditions min typ max Unit Note
Input Low Voltage Vic Veer=4.0V — — 0.8 \Y
Input High Voltage Vin Veer=6.0V 2.0 - — A%
Input Low Current I Vi=0V —100 —15 +10 MA
Input High Current Iy Vi=2.4V -10 0 +10 KA
Icco All Vi=2.4V — 30 45 mA
Supply Current
Icc All V=0V — 33 50 mA
Output Cut Off Current Iceo Veer=6V, Vccz=40V, Vi=2.0V — — 1.0 mA
Output Saturation Voltage Vercan | Veer=4V, To=1.0A, V;=0.8V —| 16| 22 \4
Output Sustaining Voltage Vee e | Jo=1.0A 50 — — A% 1
teLn Turn OFF —_ 1.5 5 Hs
Delay Time
tpye Turn ON — 0.3 5 Hs

Note) 1. The conditions of Loading ; Measure at Ls=5mH, Rs=220.
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HA13408

B BLOCK DIAGRAM

Veer
Veer 4w 6V O 24V +109,

IN3

Sb

INd (10

INS

VYVVVY

i

P43
E3

' ol 'l' '

1
| r—[ﬁ ' OUT 9
INO (20 @ .
- ( :)_;"”“ TRUTH TABLE

%
[

i
: | Input Output
| |
: : LO ON
| |
L@ m__ | orr
o OPEN OFF
B PEAK CURRENT AND TURN-OFF TIME The peak value of output current (lp) and sustaining time
The Fig. 1 shows waveforms of load current (lout) and (tsus) are obtained as follows;
output terminal voltage (Vout) when driving inductive load. Veea— Veka . Vees
P ge { ) 9 Jp=CEET Y CEGD) (1 —exp— R t ) =.‘Vf “ - €x1)<~ Tt
R L R L
Hi e ( 1 )
Vin
Low L Ir+R
on tsus="2In <1 — ~7> ...........................
t T R VeEsus — Veez (2)
Where L is self-inductance of load and R is direct current
In resistance of load.
For example, under the following conditions;
. o — L =5mH, R = 22Q, Supply Voltage V¢, = 24V,
. I The time to drive load ton = 0.42ms.
Vet u Peak Current (Ip) and sustaining time (tg,g) are obtained as
follows;
Vour Veez = IP =0.87 (A)
tsys = 0.118 (ms)
Veguan where VGE(sat) = 1.3V typ. and VCE(sus) = 52V typ.
Fig.1
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HA13408

B POWER DISSIPATION

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

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

= Veea 1 L) ........................
Porn= VcEan Ip <R'IP iR (3)
Average power dissipation (Pgs) at tgys;

. 1 L VB — Vccz) .........
Puus = Ve Ip < R R (4)

Where |p and tg,s are obtained in the equation (1) and (2).
Average power dissipation (PT) per channel for a period is
obtained as follows;
1
Pr= T (Ponton & Prusttsus) corerevernseereennnns (5)

Where drive period is defined as T.

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

Pr= 79: (Ponton & Puusebous ) woovesvesiesseeess (6)

@ APPLICATION
® Dot Printer

MpL

Mpr

v
+5V Q
1 I L
h S 3 e
I S U N I
10 9
2 n o Printer
m | B o Head
13 O 6 !
w K
> A1R
B EEERIR ;
i
5\ !
|
i
4 1
I +
; — _‘ F-———4 | Stepper for
S L T4 | Head Feeder
10 o Jay
12
¥ :1
D> L .
16 17 e~ i Stepper for
18] 21 IR 4 | Paper Feeder
20 23 e
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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 circuit of loads, and is best suited for drivers of sole-
noid, relay and stepping motors.

H FUNCTIONS

B FEATURES

0.6A Quad Driver
With Clamp Diode
With Chip Enable
With OCSD (Over Current Shutdown)
With Low Voltage Inhibit

® High Sustaining Voltage (50V)
® Low Saturation Voltage
@® Compatible with TTL
@® Low Input Current

(DP-16C)

B PIN ARRANGEMENT
NS

OUT 1 E 6] IN1

CLAMP E 15] IN2

OUT 2 LT_ 4] cE
GND E 13] GNp
GND [: 12] GNp

OUT 3] 6 1] Vee
B ABSOLUTE MAXIMUM RATINGS (Ta =25C ) clave [ 7] Wi
Item Symbol Ratings Units | Note ot w 0] s
Supply Voltage Vi 0.5 to 6 \ 1
Input Voﬁlrtraige Viy 0.5 to 6 A% (Top View)
VQl:ltput Voltage o Vo 50 \ -
Output Current In 0.6 A B BLOCK DIAGRAM
Power Dissipation Pr 2.0 w 2
Junction . o
Temperature T 150 (
Operating Junction , .
Temperature Range| T | 400 1155 |
Storage Tu. 55 to 1150 |

Temperature Range

Notes © 1. Recommended Operating Voltage
Ve 5V £107, "4.5 to 5.5V
2. Thermal Resistances are follows.

0, a=60°C/W (Soldered on a print circuit board.)
o (Soldered on a print circuit convered with copper sufficiently.)
8; 435 15°C“W (Soldered on pin 4, 5, 12, and 13 with an infinity heat sink.)

bi a2 ‘W

|
I
I
|
I [
L - D OO OT----

GND GND GND GND
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HA13415

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vce=5V)

Item Symbol Test Conditions min typ max Units Note
CE=0.8V - 6 mA
C Icc
Supply Current (& CE~IN=2 0V %0 %0 A
Low Level Input Voltage Vie 0 0.8 \%
High Level Input Voltage Vin 2.0 - A
Low Level Input Current 1. Vi=0.8V —-10 10 A
High Level Input Current L Vi=2.0 to 5V -10 10 A
Input Clamp Voltage Vik Ik =—12mA ~1.0 -1.5 \ 1
Ie=0.3A 0.20 0.4
Low Level Output Voltage Vor ! — \
Ie=0.6A 0.40 0.7
Output Leakage Current Teky Ver =50V 100 A
Clamp Diode Forward Volt v fi=0.42 L1 v
amp Diode Forward Voltage (3
P & I+=0.8A 1.3
Clamp Diode Reverse Current Ir Vr =50V 100 A
; V=17V, for IN 0.2
phl. R=56Q “s
Turn On & Turn Off Delay for CE 0.4 o
V=17V, for IN 1.0
tpLu Ri.=56Q for CE 15 1"s
Negative Output Current Test In=-100mA 2
Output Short Test Vi =5.5V, Ry =3.5Q 3
Capacitive Load Test Vi =17V, R1.=27Q, C1.=0.01.F 4
Solenoid Survival Test Vi.==32V, R1.=56Q, L1 =250mH 5
Notes) 1. See Fig. 1.
2. Test Procedures are
(1) Vee=5.5V
(2) Set all outputs "ON" with Jc =250mA per output, then set /¢ =—100mA for one output. All remaining outputs shall remain "ON".
(3) Set all outputs "OFF" then set Ic =—100mA for one output. Each remaining Output shall not conduct more than 30mA.
(4) Perform test for each output.
3. See Fig. 2.
4. See Fig. 3.
5. See Fig. 4.
4.5V 0.1F
) <-1sV o
Vix
Vee
Lix
IN, CE
Vi ~12mA
J,_tl. 5,12, 13
Lik

Fig. 1 Input Clamp Voltage

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

3V

5.5V 0.1uF
Vee 3’\( éQ
———¢cE ot 1 —MWN— Iy
ouT-2
IN1
to 4 OUT-3 17V
OUT-4
560 X3

4,5, 12,13

Fig. 2 Output Short Test

® Each unshorted output shall turn ON-
with IC = 300mA per channel.
® Perform test for each output.

55V 0.1uF
R
Vee 270
CE OUT

] 001 F

4.5 1213

Fig. 3 Capacitive Load Test

@® OCSD shall not become enabled and limit Ic or disable
the output being tested during the cycling.
@ Test each output, one ON at a time.

Ry L
56Q 250mH

55V 0.1uF
Vee
3V CE oUT
IN IN-1
to 4 2
7

I 4,512, 13

Fig. 4 Solenoid Survival Test

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

Vi
VVV 17V
Cr

Vi
— MW T —— 5

5V
IN \ / 2.5V
oV \_J
18ms 2ms
5.5V e
o0
OUT-1
oV
SThus
17V
OUT 210 4
ov
5V
IN 2.5V
oV
10ms 10ms
17V
orT
ov
5V
IN 2.5V
ov
10ms 10ms
=32\
OUT
[y
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HA13421A,HA13421AMP oo sise orvers

HA13421A and HA1342AMP are monolithic power ICs,
dual 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.

B FEATURES

® 330mA Output Current Capability
® Dual Bridge Included

® With Power Save

@ Single — Input Direction Control

® Low Output Saturation Voltage

® Low Supply Current

@® Low Input Current

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

]

ABSOLUTE MAXIMUM RATINGS (Ta—25C)

HA13421A

(DP-16A)

HA13421AMP

>

(MP-18)

Item Symbol | HA13421A |HA13421AMP | Unit | Note
Logic Stage Supply .
Voltage Ve 7 7 A 1
Seeking Supply Vst 15 15 vl
Voltage
Holding Supply .
Voltage Vs 7 7 v 1
Input Voltage Vi | 0to Vee | 0 to Voo \
Peak Seeking Io
Current (peak | 500 500 mA | 2
Seeking Current(DC) | Jos 330 330 mA
Holding Current(DC) | Ion 200 200 mA
Power Dissipation Pr 2.0 1.0 Wi 3
Junction o
Temperature T, 150 150 ¢
Operating Junction _ _ o~
Temperature Range Tiup|—20to 1125|-20to +125| C
Storage B _ o
Temperature Range Tax |—55t0 +125|-55t0 +125| C

Notes 1) Recommended Operating Voltage

MIN TYP MAX UNIT
Vee 4.5 5.0 5.5 v
Vs 10.2 12.0 13.8 A%
Vs 4.5 5.0 5.5 \Y

2) ts5 ms
3) Thermal Resistances are as follows.

® HA13421A
0j-.1=60°C/W (Soldered on a print circuit board)
8;-a2=35°C/W (Soldered on a print cicuit covered
with copper sufficiently)
0;-a3=15°C/W (Soldered on pin 4,5, 12 and 13
with an infinity heatsink)
® HA13421AMP
0i-21=120°C/W (Soldered on glass epoxy circuit
board with 10% printing)
0-a2=100°C/W (Soldered on glass epoxy circuit
board with 30% printing)
0;-a3=80°C/W (Soldered on a metal based
circuit board)
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B PIN ARRANGEMENT

®HA13421A
U
Vsa2( 1) E E Vsitgr)
Vee ‘Z E #1 Out
¢1 Direction E E %1 Out
GND E E' GND
GND E l__’zl GND
@2 Direction E II b2 Out
Power Save E 10 | ¢2 Ouw
Vsa( ga) E ZI Vsil g2

(Top View)
@®HA13421AMP

s 3

S =) a 3

s 3 g 1=

2 , 1 ' I—"] , 18 17
#1 Out E 16 | 42 Ou
Vsi(g1) E O 15| Vsi(g2)
Vs2( 1) E 14| Vsa(g2)

Vee E 13 ' PS
¢1 Direction E 12 ' @2 Direction




HA13421A,HA13421AMP

B ELECTRICAL CHARACTERISTICS (Te=25TC,

Vee=5V, Vs2=5V, Vs1=12V)

Item Symbol Test Condition min typ max Unit Note
Input Low Voltage Vi 0.8 A%
Input High Voltage Viu 2.0 - - \
Input Low Current I Vi =0.8V - +10 nA
Input High Current I Vi=2V 1.0 +10 uA
Input High Current I Vi=5.5V - 0.5 1.0 mA
Vee - 25 33 mA
PS =0.8V, o0 Vsa - 10 20 mA 1
Vs2 - 1.0 A 2
Supply Current : =
Vee - 25 33 mA
PS =2V, Io=0 Vsi 3 5 mA 1
Vs - 5 10 mA 2
Output TRS Breakdown Voltage BVcerr Ic =10mA 18 \
V51 Saturation Voltage Vercann PS:=0.8V, In =330mA - 1.5 2.0 \ 3
Vs Saturation Voltage Vercao 2 PS=2.0V, In=130mA 1.5 2.0 A% 3
U 5 A
Clamp Diode Forward Voltage Vie I1-+=330mA pper
Lower 1.5 \%
Delay Time trLH In-=330mA - 1.0 5 us
Delay Time [ In=330mA - 1.0 5 us
Note 1 The specification indicates ‘the sum of Vsii¢1t & Vsi'é2' current.
Note 2 The specification indicates the sum of Vs:t¢1 & Vsui 21 current.
Note 3 The specification indicates the sum of Upper & Lower saturation voltages.
HE BLOCK DIAGRAM
Power Save Usi gt Vsal gt Vee Vsal o) Vsil g1
A gy
Logic Logic Logic J Logic
1 Direction (2 e GND P ¢2 Direction
- -
Out Out
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HA13421A,HA13421AMP

B TRUTH TABLE

® For Each Bridge

B APPLICATION

2-phase Bipolar Stepping Motor Drive Circuit

Power Save Direction ~—Out ¢—Out
[ [ El U :l‘ﬁ
L L L H* . - = $1 0UT
L H H L (+5v) C A
¢ OUT #
H L L H- D o————3] HAI3421A K]
H H H L . 4 13
Vse . O -
L =Low Voltage State (+5V) 5 12 _
H*=High Voltage State (Seeking TRS On) - $2 OUT
H —High Voltage State (Holding TRS On) 2 o———¢] %“ ot §¢2
2 i
pso——+—{7 10
5 |
(Top View)
B TIMING CHART
) H Secking Holding
Ps L
100 10005
min. min.
H
TR T R O R
L.
H
0 __| | | | |
L
Vs —L ——————————————————————————————————————
1 Vst = —— = — — — _ 4+ — — -_—t——t+———-]—_—_—_————_— - —————
[ I e M =
Usi
;x Vs2
0
Vst I
$2 Vs2
0
Usi
;1 Vs?
0 T
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HA1 3426 @ Three-phase Motor Driver with Speed Discriminator

HA

13426 is a power IC with a speed discriminator for the

three-phase brushless motor driving of 5 % inch-HDD (Hard

Disk Drive).

It is possible to construct a servo system with

quartz resonator, requiring fewer external components.
Especially EMI noise from motor driver is depressed because
of a voltage drive system.

B FEATURES

Possible to construct a servo system on a single chip

Large output current (3A)

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

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

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

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

HEBLOCK DIAGRAM

(SP-23TA)

Ol
T P
U
i
A\mp
Fix litude
Matrix —— Cont
roller
K
— Cron
N3
Current .
Limiter g
Hi :i;"l’k il Control Amp
(Brake!
Lot Start
OTsh
Zero cross
Detector
1 pulse/
Rios evele!
W - Speed
. 1 |
g Discrimi
Crost nator
X tal Freq.
N5 Divider Integrator
tOP Ampt
Rios
1.8k
r R2 (2
Mode Ruor
Select 1.2k W I\, \
. r .
to Vee D1/64 .
(()pen . 1'32) o Vee KI
10 GND 1716 A
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Bl PIN ARRANGEMENT

O

O

L ]

(Top View)

E] U Hal e ln

220U Hall In
21\ Hall o In
2NV Hall In

] W Hall« In
1H] W Hall +In

I

16] Open
]\ ow
11 Integrator O
M U ow

:I Integrator In

—I_Tl Current Sense
E Speed Diseriz Out
(9] Fiher

E Internal Reference
71 oND

6] 0SC Owm

5] Made Select
1] OSC In

E Injector

) START/STOR

0 e
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HA13426

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Ratings Unit Note
Supply Voltage Vee 15 A 1
Input Voltage Vix 0 to Veo \Y% 2
Output Current Io 3 A
Power Dissipation Pr 25 w 3
Junction Temperature T 150 C
Ot rion | o [ww ] ¢
g;f':l;ge Temperature Tue | =55 to 4125 ¢

Note) 1. Recommended operating voltage

Vee -

12V £15% 110.2V to 13.8V)

2. Applied to Hall Amp, mode select input.
Maximum Input Voltage at start ‘stop is 6V.
3. Thermal Resistance
H,  S3C W
f, w5407 W

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vec—12V)

Item Symbol Test Condition min typ max Unit Note
Supply Current Iso S$:S=2.0V 50 70 mA
Sppy arren Is $°S -0.8V. Rr. - Open 55 75 | mA
Total B
. Tu Shutdown 150 T
Over Temperature Protection = - — -
B ] Thys Hysteresis 20 C
Input Bias Current Tun Vi 6.0V 2 10 1A
Hall Amp Input Common Mode Voltage Range Vi 2.0 10 A%
) Voltage Gain Gvn 10 dB
Quiescent Output Voltage Va 5.3 5.9 6.5 \%
Difference Between Phase AV 0.3 A\
Output Stage -
Saturation Voltage Vercao | To = 2A 2.4 3.2 \% 1
- Output Impedance Ro Io~0.4A 0.2 Q
Internal Ref. Voltage Vin 3.0 3.2 3.4 A
Control Amp | Voltage Gain (CTL Amp to Output ! Gerr, 21 24 27 dB
Difference of Gain NGerl, - 2 dB
Inputr Bias Current I +0.1 nA
Integrator Output Voltage Swing A In=0.3mA 0.7 \
A Io=-0.3mA - 0.7 - A%

Notei 1. Sum of upper and lower TRS saturation voltages
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o HA13426

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V)

Item Symbol Test Condition min typ max Unit Note
Vonr In=0.3mA 5.8 6.1 - \
Output Volt. Swi
uipat Voltage Swing Vo | In=—0.3mA - “ o2 v
Speed
Discrimi Cutoff Current Ly Charge Pump Off State — - | £0.1 1A
iscriminator
Operating Frequency Sferk 60 - 250 kHz
Count Number N - 1024 —
Input High Voltage Vi Stop 2.0 — — v
Input Low Voltage Vi Start — - 0.8 v
Start Stop -
Input High Current Lin Vi =2.0V — -0.15 | —0.5 mA
Input Low Current L. Vi.=0.8V — -0.2 | —0.5 mA
Current Limiter | Reference Voltage 0.52 0.56 0.60 \Y%
116 Division Input Voltage Vi - — 0.8 v
1 32 Division Input Voltage Vi Open - 6.3 — \%
gl:fd:ct 164 Division Input Voltage Voo 11.2 - — A
116 Division Input Current I Viy=0V - —0.63 | —1.3 mA
164 Division Input Current I 61 Vin=12V - 1.0 1.5 mA
Oscillator Operating Frequency Sfuse - - 8.0 MH:z
H TIMING CHART l . \
Hall Amp nput 0 M
120 1207 1200
59V
A Out A
CAN o
5.9V
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HA13426

B EXTERNAL COMPONENTS

Parts No.| Recommended Value Function Note
R ke Hall Elements Bias | 1
Rioz
Ruos
Rios 2.2Q(0.5W) Stability
Rios
Ros 1.8kQ 0SC Bias 6
Rz 1.2kQ Speed Descri. bias
Rios 470Q Stability 6
Ri,R2 | See Application Integral Constant
Rs — Current Sense 3
Cio
Croz2 0.1.F Stability 2
Cll)fl
Cin =20.10F Vee By —passing
Cios 10pF AC Coupling OSC
Cios, Cios
20.01«F Stability
Cno ’
Cii 4700 pF Stability 6
Ci, C2 See Application Integral Constant 4
Cs See Application Filter Constant
X'tal - Resonator 5
Notes) 1. Set Rioi and Rioz at which output voltage of more than 50mVpp is

applied to hall elements.

2. Use Cinn to Cis which cause no 2nd resonance.

And connect the middle points of Cin,

Cioz and Cius

to the most

stable one of those of Vcc, GND the middle point of coil.

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

1.0MHz= fosc =4.0MHz 4.0MHz< fosc =8.0MHz

1 +l()g/ ) Crystal l“g Cr»sta]
+1% 1.0k~ 1.8k 170 1.0k
4,700p
; (Ceramici;g

B HOW TO USE THE HA13426/431/432/432MP

1. Selection of Resonator

1.1 In HA13426

The oscillating frequency at synchronous,
number of motor rotation
below.

fosc and the
N have a relationship shown

60 m-f
N= ——2% (om). .. . (1)
512 P
where, the p is the number of motor poles and m is the divid-
ing ratio of a divider. For the m, one of the following values
is selected according to applied voltage at the mode select

(Requring to use non-polar in case of connecting them to the middle
point of coil.)

. Output current is limited as shown below by RS valve.

0.56(V)£10%
Rs(Q)
For example, output current is limited to 2.55(A) +10% at Rs

0.22Q.

I mi==

. Need to use non-polar as to C) and C:.
. The relationship between Crystal Oscillation frequency, fusc and the

number of rotation, N is as follows.
60 m-fosc
N=gsiz "p
Where P is the number of pole of motor, and m is the division ratio
of Frequency Divider and the latter is set at the following values by
the voltage applied to Mode Select.

{rpm)

Mode Select m
to GND 1/16
Open 132
to Voo 164

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

Mode Select fos¢ (MHz)
to GND 1.96608
Open 3.93216
to Vee 7.86432

210

pin.

Mode Select m
to GND 1/16
Open 1/32
to Ve 1/64

For example, the values of fgg. to rotate 4-poles motor with

3600 rpm are;

Mode Select fosc (MHz)
to GND 1.96608
Open 3.93216
to Vee 7.86432

1.2 In HA13431/432/432MP

The oscillating frequency at synchronous, fogc and the FG
frequency, frG have a relationship shown below.

m+fosc

feG =
FG 1024

where, m is the dividing ratio of a divider and takes one of
the following values according to the applied voltage at the

mode select pin.

Mode Select m
to GND 1

Open 1/2

to Vec 1/4

G HITACHI



HA13426

2. How to Determine the Integral Constants R, , R,,C, and
C, . and the Filter Constant C,

2.1 Block Diagram

Fig. 1 is the block diagram showing motor speed control by
the HA13426/431/432/432MP. The part enclosed by dotted
lines denotes the IC, and the G, (S) and the G, (S) indicate
the transfer functions of an integrator and from control amp
to output, respectively, Since these IC's are driven by volt-
age, items of the motor coil impedance and the kick-back
voltage are contained in the loop.

Load [ ki ]
s |

Torque

wom [0 |
|

Control

Amp. |
(\')I | (\) .
GalS) G Kv

Integrator :

Fig. 1 Block Diagram

Kj = Transfer constant, 9.55

KT = Torque constant (kgecm/A)

Kg = Kick-back constant (V/rpm)

Ky = Speed discriminator gain (V/%)

J = Moment of inertia (kgecm+sec?)

Zm(S) = Motor coil impedance (£2)

G, (S) = Transfer function of an integrator

G, (S) = Transfer function from control amp to output
No = Standard number of rotation

2.2 Resolution
In the Fig. 1, when

_ K 3000
A(S)= 75 No (3)

___Kr . . _Ke-No, .
B(S)= Zn(S) (Kv-G1(S)-G2(S) 100 ) (4)

the Fig. 1 can be shown as Fig. 2.

Load
Torque O"—‘—"_—‘ +
(kg-cm) A(S)

————O Error (%)

Fig. 2

No I Error (%!

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

Zn(S)=Rm(14 S/ om) weeeerrenrrmmrmnemseseeeeenes (5)
Gl(S):% % .............................. (6)
sz:% .................................... (7)
Then,

on f: ............................................. (8)
R 9
w2 Clez ............................................. (10)
S N — a1

The GgoT and the R, are the internal constant of IC’s.
Substituting the equations (5) to (11), to the equation (4),
B(S) is;

B(S)= Kr ( R2KvGerr(1+w2/S) KrNo)
Ru(1+S8wn) \RI(1+8w1)(1+S ws) 100 /
__ReKrKv Gert, 1+w2’S

RiRn (14 S wn)(1+S w1 ) (1 +8 ws)
................................................... (12)
. .R2Kv Gert KeNo
. R > 100 )

To control speed with stability, A(S) and B(S) are required to
have a relationship shown in Fig. 3. That is, the angular
frequency of the cross point of A(S) and (S), w, should be
put between the angular frequency of an integrator, w, and
W, .

LoV

100

Phase margin
>15°

Cwo, Ao)

AS) 1/318) (% kg-cm)

10

1 1 | !

10 100 1,000

w (rad/secl

Fig. 3 Stable Relationship of A(S) and 3(S)
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2.3 Design Procesure of the R, ,R,, C,, C, and C,

(1) Determining the w,
The w, uses the value of 1/10 to 1/30 of the wp, or the
angular frequency of FG, w¢g which is the lower. In
HA13426, the angular frequency of the hall signal is used
for wfG, and the w, is the value of 1/30 to 1/100 of the
WFG".

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

K, 100

Ao= T N s (13)
(3) Designing R, and R,

From the Fig. 3 and the equation (12),

.R_Z — Rn (14)

R Kr-Kv-GerL-Ao
Each IC is designed to take the following Kv and GeTL.

Type Kv (V/%) GeTL (V/V)
HA13426 0.03 16 typ
HA13431 0.023 16 typ
HA13432/MP 0.023 8 typ

Small R, increases the C, and C, and large R, will cause
speed error by the cutoff current of the speed discri-
minator and the input bias current of the integrator.
Values of 10k ohms to 56k ohms are recommended.

(4) Determining w,, w, and w,
Will be determined as follows

w1 = 3 wo
w2 = wo/3
w3 = 3wo

(5) Designing C,, C,, C,
From the equations (9), (10), (11),

Ci=1/wiRe
C2=1/w2R>
Cs=1/w3sRs

where the R, is designed to be 2.2k ohms.

3. When Using the External Clock

As shown in Fig. 4, external clock can be provided at the
OSC input pin. But, applying too large input causes the miss-
operation of IC’s, the following resistor, Rs must be con-
nected in series to control the current.

(1) In HA13426

Rs=22.5(Vin—1.4)—1.5
Rs=7.5(1.4—Vi.)—-1.5

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

sidered.
(2) In HA13431/432/432MP

Rs23.7(Vin—1.7)-2
Rs=1.0(1.7—- Vi) -2

(kQ)
(kQ)

Then, the input current |y and || are restricted as
follows and the external clock must have larger driving

capacity.
_Vin—1.4 ‘
IIH—‘RX+RI (mA)
__l4—-Vn
L= R TR, (mA)

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

External Clock

Vin I | l Input
R3 L
Vi

100pF

0sC

Output

Fig. 4 Providing External Clock

4. Producing the Ready Signal

As shown in the Fig. 5, external comparator can produce the
ready signal. Since the DC gain is extremely high (70dB or
more), the rotation error, AN when the ready signal VR
becomes high is determined by the accuracy of the speed dis-
criminator without the influence of the window of a com-
parator.

Open collector output type comparators are recommended.

Ready Signal
Ve
10k Qhms

——MWN
Integrator +

(
Jutput Ly

Fig. 5 Producing the Ready Signal
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HA1 3431 @ Three-phase Motor Driver with‘Speed Discriminator

HA13431 is a monolithic power IC with a speed discri-
minator for the three-phase brushless DC motor driving of
5% inch FDD. It is possible to construct a servo system
with quartz or ceramic resonator by fewer external com-
ponents. Especially EMI noise from motor driver is de-
pressed because of a voltage drive system.

B FEATURES

@® Possible to construct a servo system on a single chip

® Require no adjustment because of digital servo system

® The voltage drive system (not supply voltage control)
achieves almost no spike voltage at commutating, caused
EMI conventionally.

® The Enable terminal of TTL level is attached, and the

(SP-23T)

current at the stop mode is less than 0.6mA

® 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

B BLOCK DIAGRAM o
Cf

Amp
litude
Cont
roller

Martrix —f

TET

Currem
Limiter

Zero Cross
Detector

1 pulse
cycle Speed
Discrimi
nator

L~‘

b { e, I
S ey

FR

W GND T i
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol | Ratings Unit | Note

Supply Voltage Vee 20 v 1
Input Voltage Vix 0 to Vee \% 2
Output Peak Current Intpeak: 1.5 A
Output Current Io 1.0 A
Power Dissipation Pr 10 W 3
Junction Temperature T, 150 C
Qpestng bt [T | a0 13
Storage Temperature Range | T« =55 to +125( C

Notes' 1. Recommended operating voltage
Vee =12V£157,(10.2V to 13.8V)
2. Applied to Hall Amp, start stop and mode select input.
3. Thermal Resistances are as follows.

o STCAW GO HITACHI

8. <« aner

12V

B PIN ARRANGEMENT

[73) U Hall+
2] U Hall -
7V Hall+

20] V Hall~
Q 9] W Hall+
18] W Hall -

1] W Ou

[_16] Filter
5]V Ouw

[ 11] Current Sense
3 U Ow

[12] Vee

[T1]  Integrator Out
18] 0SC Ot

9] Integrator In

%] 05C In

6] GND
5] Maode Select

1] Injector
[3] Enable

2] FG Amp+In
1] FG Amp=In

(Top View)

[7]  Speed Discri. Out

213



HA13431

B ELECTRICAL CHARACTE_R'ST|CS (Ta=25C, Vce=12V)
Item Symbol Test Condition min typ max Unit Note
Enable=2.0V — 0.2 0.5 mA
Quiescent Current fe Enable==0.8V, R..: Open - 24 31 mA
Vi Shutdown Voltage 15 16 17 \'
Total Over Voltage Shutdown Ven Hysteresis 05 0.3 12 v
Over Temperature Protection L Shutdown 10 — ©
Thys Hysteresis - 25 - T
Input Bias Current Inss Vi=6.0V - 1.0 5 1A
Hall Amp Input Common Mode Voltage Range | Vi 1.5 - 10.5 \
Voltage Gain Gun — 10 — dB
Quiescent Output Voltage Vu 5.1 5.7| 6.3 \'
Output Stage Difference of Quiescent Voltage AVe - — |%0.3 \
Saturation Voltage Vekwan | Io=0.7TA - 20| 2.8 A% 1
Output Impedance Ro To=0.2A - 0.3 - Q
Internal Ref. Voltage VrEr 3.15 - A%
Control Amp Voltage Gain (CTL Amp to Output! Gert - 24 - dB
Difference of Gain AGert - — +2 dB
Internal Ref. Voltage Vi - 2.5 - A%
Input Bias Current Ini - | +0.1 nA
Integrator A In=+0.25mA 1.3 - A%
Output Voltage Swing ) o= 0. 25mA — 065 - v
Unity Gain Band Width BW Bv =0dB — 0.3 - MH:z
Injection Voltage v, I;=6mA - 0.9 - A
Output High Voltage Vou In=0.25mA 4.4 4.7 - v
ppeed [ Output Low Voltage Vo | Io——0.25mA “ o1 | oz]| v
Cutoff Current Lor Charge Pump Off State - — +0.1 nA
Count Number — 1024 -
Input High Voltage Vin Stop 2.0 - — \
Input Low Voltage Vi Start - — 0.8 A%
Enable
Input High Current Iin V=20V - — +10 «A
Input Low Current L. Vi.=0.8V = +10 1A
Current Limiter | Reference Voltage Viers 0.36 0.4 0.44 \
FG Amp Input Voltage Viswwer | f=200Hz 2.0 — 20 | mVpp
0SC Oscillation Frequency Sose 0.1 - 1.0 MHz
No Division Input Voltage Vi — — 0.8 A%
1’2 Division Input Voltage Vi Open — 6.3 - A
Mode Select 1’4 Division Input Voltage Vi 10 — — v
No Division Input Current I Vin=0V - — -1.0 mA
1/4 Division Input Current I Vin=12V - - 1.0 mA

Note 1) Sum of upper and lower TRS saturation voltages.

214

G HITACHI



HA13431

B EXTERNAL COMPONENTS

Parts No. Recommended Value Function Note
Rint, Ruoe - Hall Elements Bias 1
Rios, Rios, Rios 2.2Q Stability
Rs - Current Sense 3
Ri, R: See Application Integral Constant 4
Cin, Cioz, Chos 0.1«F Stability 2
Cin 20.1«F Vee By —passing
Cos 10 F AC Coupling FG
Chos 47pF AC Coupling OSC
Cro7 56pF Stability -
Cus, Cios, Cino =20.01«F Stability
Cin 10uF Stability
Ci, C: See Application Integral Constant 4
Cs See Application Filter Constant 4
X'tal See Application Resonator 4
Notes 1) Set Rin and Rinz at which output voltage of 30 to 100mVpp.
2) Use Cin to Cios which cause no 2nd resonance.
3) Output current is limited as shown below by Rs value.
1 . Vrers
Temit R,s
4) See HA13426.
E TIMING CHART
! v \ w
Hall Amp ‘W
Input
120° 1200 120°
U Out A7\
hin 19 B 4//—\\'//
\ O oL
ipin 15 " \j[\\
W Out 5.7\ \—///’\
tpin 17+
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HA1 3432 7 HA1 3432 M P @ Three-phase Motor Driver with Speed Discriminator

HA13432 and HA13432MP are monolithic power ICs with a HA13432
speed discriminator for the three-phase brushless DC motor
driving of micro or compact FDD. It is possible to construct
a servo system with quartz or ceramic resonator, requiring
fewer external components.

Especially EMI noise from motor driver is depressed because
of a voltage drive system.

B FEATURES

® Possible to construct a servo system on a single chip

® Require no adjustment because of digital servo system

® The voltage drive system (not supply voltage control)
achieves almost no spike voltage at commutating, caused (DP-24TS)
EMI (Electro-Magnetic Interference) conventionally.

@ The Enable terminal of TTL level is attached, and the HA13432MP
current at the stop mode is less than 0.5mA.

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

@ Wide selection for quartz & ceramic resonator is per-
mitted because of frequency divider.

(MP-28)

B PIN ARRANGEMENT

@ HA13432 ® HA13432MP
Square Wave Ou [T} [70) U Hall +
FG Amp ~In [Z] (73] U Hall - _ 3
FG Amp +In (3] [22] V' Hall + S f = s 3
Enable 1 [T] [71] V Hall - L Z 7 %3
Enable 2 (5] [0 W Hall + B BEE %] [2]
— 2
Made Select [T ] [T9] W Hall ~ Speed Enable |
Dhser. 0ou ] E3) (Lo Start. )
T T Hi, Open © Stop.
ol a 3 GND Integrator In E E FG Amp +1n
B
Integrator Out g | 23] FG Amp 1
08¢ 0w [7] (18] Filter [ v e
0sC In [E] [T7) W Our Vee [7] [22] Saware Wave Our
Speed Discri. Ow (9] [T6] Current Sense Injector E E U Hall +
Integrator In [10] [15] V' Our o (7] — .
Integrator Out E E U Out L 20§ U Hall -
Vee E E Injector V" Out E 19 V Hall +
(Top View) Curvent Sense [11] (8] v Hal -
B E DA RO
2 £z g LI
ER R
= =
Enable Hi Open Lo (Top View)
1 Stop Stop Start
2 Start Stop Stop
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HA13432,HA13432MP

e
/L +Cros 12
@ BLOCK DIAGRAM
R "
<
b Hall Amp Output
+ ’l\ L_|
Amplitude 1o
N Controller -1
> Mawix b ‘.i : :
[ Cro2
,\ 0.1
w
Rioz l L__v |—
Cioa
0.1
art Current Limiter
Hi = Open : Smp)
3
Contral Amp
Enable 2
b 't
(I Open - su.,.)
- +
FG Amp Inter Ref
G + Zero Cross 25V
! ) Detector
1 pulsescycle)
Speed
Discriminator )
Cr J
X el 5 Freq. Divider Integrator
(OP Amp)
) ) *
Mode Injec o H
Solet S " W—t
R
to Vee T 1/4 | L*
Open : l/2> L
w GND 1A “
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol HA13432 HA13432MP Unit Note
Supply Voltage Vee 20 20 A 1
Input Voltage Vix 0 to Vee 0 to Vee v 2
Output Peak Current Topeaks 0.75 0.75 A
Output Current Io 0.5 0.5 A
Power Dis3ipation Pr 2.5 1.5 w 3
Junction Temperature T; 150 150 C
Operating Junction Temperature Range Tjop —20 to +125 —20 to +125 T
Storage Temperature Range Tex —55 to +125 —55 to +125 C
Notes) 1. Recommended operating voltage Vee =12V £15% (10.2 to 13.8V)
2. Applied to Hall Amp, start stop and mode select input
3. Thermal Resistances are as follows.
HA13432 : 6;-<20C/W HA13432MP : 6-.s80C/W
6;-a<60°C/W - (Soldered on a
metal based
circuit board)
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HA13432,HA13432MP

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V)

Item Symbol Test Condition min typ max Unit Note
Enable 1 & 2 Open - 0.2 0.5 mA
Quiescent Current Io Enable 1=0.8V
Ri. Open - 19 24 mA
Vi Shutd Volt. 15 16 17 \'
Total Over Voltage Shutdown ! - own. oage
Viys Hysteresis 0.5 0.8 1.2 A
R T Shutd — 150 - °
Over Temperature Protection d Lown ¢
Thys Hysteresis — 25 - c
Input Bias Current Inn Vi=6.0V - 1.0 5 nA
Hall Amp Input Common Mode Voltage Range Vu 1.5 — 10.5 Vv
Voltage Gain Grn - 10 - dB
Quiescent Output Voltage Va 5.1 5.7 6.3 \Y
Difference of Quiescent Voltage A Vg - - £0.3 \
Output Stage -
Saturation Voltage Veesan | Io=0.35A — 2.0 2.8 \Y% *
Output Impedance Ro In==0.1A - 0.45 Q
Internal Ref. Voltage Virer 3.15 - A%
Control Amp Voltage Gain (CTL Amp to Output) Gv 15 18 21 dB
Difference of Gain NGy - - +2 dB
Internal Ref. Voltage VirEer: - 2.5 - \%
Input Bias Current Ini - | £0.1 nA
Integrator ) A Io=+0.25mA - 1.3 -
Output Voltage Swing \%
A In-=—0.25mA - | —0.65 -
Unity Gain Band Width BW Gv =0dB - 0.3 - | MHz
Injection Voltage v, I;=6mA - 0.9 - \
Output High Voltage Vou In=0.25mA 4.4 4.7 A%
g?eed. . Output Low Voltage Vor. In=—0.25mA - 0.1 0.2 \%
1scriminator
Cutoff Current Loy Charge Pump Off State +0.1 A
) Count Number 1024
Input High Voltage Vin 2.0 - A%
Input Low Voltage Vin 0.8 A
Enabl Input High Current I v=.v | Enable 1 0] A
T 1 =Z.
navle npat TR Turren ! Enable 2 50 | 120 | A
Enable 1 - +10 1A
Input Low Current I, Vi.=0.8V
Enable 2 - — +40 A
Current Limiter | Reference Voltage VrErs 0.36 0.4 0.44 \'
FG Amp Input Voltage Viwaar | f =200Hz 2.0 20 | mVpp
0SscC Oscillation Frequency Sose 0.1 - 1.0 MH:z
No Division Input Voltage Via 0.8 A%
1 2 Division Input Voltage Vi Open 6.3 \'
Mode Select 1 4 Division Input Voltage Vi 10 A%
No Division Input Current I, Viv=0V -1.0 mA
1 4 Division Input Current Ly Vin =12V 1.0 mA

Note *) Sum of upper and lower TRS saturation voltages
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HA13432,HA13432MP

M EXTERNAL COMPONENTS
Parts No. Recommended Value Function Note

Rio1, Rioz — Hall Elements Bias 1
Ri03, Rios, Rios 2.2Q Stability
Rs — Current Sense 3
Ry, Re See Application Integral Constant 4
Cio1, Croz, Cios 0.1uF Stability 2
Cros =20,1uF Vcc By-passing
Cios 10.F AC Coupling FG
Cios 47pF AC Coupling OSC
Cro7 56pF Stability
Cio0s, Cir09, Cr10 =20.01.F Stability
Cin 10uF Stability ’
Cy, Ce See Application Integral Constant 4
Cs See Application Filter Constant 4
X' tal See Application Resonator 4

Note 1. Set Rior. and Rioz at which output voltage of 30 to 100 mVpp
Note 2. Use Cion to Cios which cause no 2nd resonance.
Note 3. Output current is limited as shown below by Rs value.

Llimit=—VREEs
Note 4 See HA13426.
+ U v W
HE TIMING CHART
|
Hall Amp
Input 0
120° 120° 120

U Out
S5V

V Out

SV

W Out ~

5.7V

S
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H A1 3 43 9 M P ® 2-phase Brushless DC Fan Motor Drive IC

The HA13439MP is a monolithic IC designed to provide
2-phase brushless DC fan motor drive. It has the following

functions.

& FUNCTIONS

® 1.5A/80V output transistor.

® Hall Amp.

@ Stuck rotar protection circuit (Auto Restart)

® Over temperature protection circuit OTSD.

B FEATURES

® High Current Capability, High Breakdown Voltage.

® Wide Supply Voltage Range (7.5 to 28V).

® Motor Coil Burning out Protection in the case of Rotar
Stuck.

® Small, Surface-mount Technology Package.

® Stands Reverse Power Supply.

EBLOCK DIAGRAM

>

(MP-18)

EPIN ARRANGEMENT

(<] Test
=]cvp
i
[Z]exD
I=]c

Hall* [3] 16] Fault
Hall Bias [1] 5] e
Hall" [5] 0] vee
Ne 6] ENS
2 Out[7] [12] ¢1 Our
[ T = W g
s 2 £ =
(Top View)

i

f Hall
Bias

|

|

! Stuck

| Rotor

: Protect
1

Note 1) ( 2 OTSD ‘DO

Notes) 1. Pin @ is used for testing. No external circuit will be connected.

16) Fault
Note 2)

2. Pin @ is open collector output. Internal transistor is “OFF” when the rotar is running.
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HA13439MP

BABSOLUTE MAXIMUM RATINGS (7.=25C)

Item Symbol Ratings Unit Note
Supply Voltage Vee —28to +35 \% 1
Output Voltage BVcEx 80 A%
Output Current (Peak) Lopeak 1.5 A 2
Output Current (DC) Loac 1.0 A
Input Voltage in 0to Vee \ 3
Power Dissipation Pr 1.25 w 4
Junction Temperature T 150 °C 5
Storage Temperature Range Tox —55to +125 °C
Notes) 1. Operating voltage range is shown below.
Vee=7.5 to 28V
2. 1<1sec.
3. Apply to Hall Amp. input.
4. Value under 7. +=80°C. Thermal resistance of package is show below.
G pin=56°C W
0, S80°C W
(Heat sink with 1000mm? are adhered to IC surface by epoxy resin.)
5. Operating junction temperature range is shown below.
Tope = 10t 1125°C
BELECTRICAL CHARACTERISTICS (7.=25°C, Vcc=75V to 28V)
[tem Symbol Test Condition min | typ | max | Unit App}l)ii(;ab]e Note
Quiescent Current I Re=O0PEN, Pin 17=GND — 6 12 | mA 14
a. | Common Mode Input Voltage Range Vi 1.2 — | Vee —4 A% 3,5
E Input Current Inr V=2V — — | +50 | ©A 3,5
::E; Hysteresis A Vi Ru=400Q 7] 12| 20| mv 3,5 1
Bias Output Voltage Vus Iy=5mA 1.2 14 1.6 \Y 4
= Ver=28V, Vee =28V - - 100 | A 7,12
S | Cutoff C t I
g o e [ Ver=80V, Vec=28V — [ 26| 4|mA| 712
g Ic=02A - Joso| 11] v| 712
; Saturation Voltage Vce (sat) | Ic=05A - 0,95 1.4 \% 7,12
‘?, Ic=1.0A - | 125 2.0 \4 712
© | Parastic Diode Forward Voltage Vsp Ie=—1.0A - | =1.7|-2.0 A% 7,12 2
§ - Ct Chorge Current Iiy Voiniz =2.4V 40 65 | 100 | «A 17 1
ég Ct Discharge Current I Viin17=2.4V 1 3 5| xA 17 1
< O ~
< Vi Cut-OFF 24+ — 3.1 A% 17 1
32| Threshold Voltage TH1 u
DA Vruz Recovery 1.4 — 2.2 \% 17 1
% | Low Level Voltage Vou Ic=1mA - 0.2 0.4 \% 16
& | Cut Off Current Icex2 Ver=28V - — | £50 | A 16
a Operating Temperature Tsp 150 - - °C 7,12
& | Hystesesis Tuys - 25 - °C 7,12
Notes) 1. See the Timing Chart.
2. See the Fig. |
Vo Vsp 0
~1.0A
=lc
Fig. 1 Parastic Diode Foward Voltage
Characteristics
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HA13439MP

BEXTERNAL COMPONENTS

External Components No. Reference Value Purpose Note
R - Hall Element Bias
G, C2 2.2uF 1
Ci 4.7uF Time constant in protection circuit 2
D - Countermeasure for power supply reverse connection 3

Notes) 1. Use a high ripple type.

2. hr and #2 is determined by the following equation in timing chart.

_Ci Vi

T Iy
_C(Vrii— Vrnz)
N Ra

h

t2

3. Set fi for 1/5 to 1/1 of starting time.

3. In the case of no D1, Current flowing to motor coil is determined when power supply reverse connection, where Ra (Q) is coil resistance.

w
X N

- Vee + Vsp
In R

E TIMING CHART
® Normal Operation

@In Rotor Stuck
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(A Phase)

VCE tsany

Hall 0
(pin 5 Ref.) -
Out ¢1
Vee
0
Out ¢2
Vee ”
)

N
Al

€] Vin

Vine

Hi

Vou

]

Fault
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HA13439MP

OUTPUT SATURATION VOLTAGE Ct CHARGE, DISCHARGE CURRENT
VS OUTPUT CURRENT VS TEMPERATURE
20 100
16 // Z W
E / E
;’j 12 ~: 60 L/
g g
f‘-: 08 /.,5;5 Z % 40
3 g 2
H &
S o4 &
[s]
I
0 0.4 08 12 16 20 's 20 60 100 140
Output Current Ic (A) Junction Temperature T, (C)
PROTECTION CIRCUIT THRESHOLD VOLTAGE FAULT OUTPUT VOLTAGE
VS TEMPERATURE VS OUTPUT CURRENT
40 05
o 0.4
3,. \% =
& ) T =
P 03
) —— = -~
s 16 2 02 —
3 ° /
é 08 B 01 ’/
0 ;
-2 2 60 100 140 0 0.4 0.8 12 16 20
Junction Temperature T; (C) Output Current Ic (mA)
QUIESCENT CURRENT HALL AMP. HYSTERESIS
VS SUPPLY VOLTAGE VS TEMPERATURE
10 20
8 16
_ z
E . E 12— Vee=28y
Nj —20C 25 2 | j\\
g T3¢ £ 7.
3 e : T
= 4 L :|: 8
& 3
k==
4
0 10 20 30 40 % 2 G 100 140

Supply Voltage Vce (V)
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HA13439MP
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Hall Bias Voltage Vg !\

HALL BIAS VOLTAGE
VS BIAS CURRENT

2.5
2.0
L5 -20T | —
—t—T"50C
__———'——_
0C
L0
0.5
0 2 4 6 8 10

Hall Bias Current Iy m:\

@ HITACHI

Output Cutoff Current egxy 1mA»

10

OUTPUT CUTOFF CURRENT
VS OUTPUT VOLTAGE

e

20 40 60 80

Output Volage Vop \
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H A1 3440 M P @®3-phase Brushless DC Motor Drive IC —Preliminary—

The HA13440MP is a 3-phase brushless DC motor drive

(output current; 1.0A/phase) designed for FDD spindle

motor drive. Functions and features are shown as follows.

BFUNCTIONS

® 1.0A 3-phase Output Circuit.

® Hall Amp, Matrix.

® Control Amp. (Current Control).

® Direction.

® FG Amp, Zero Cross Detector.

® Oscillation Circuit.

® Speed Discriminator.

® 300/360 rpm Select.

® Integrating Amp. (MP-28T)

® Current Limitter.

® Over Temperature Shut Down (OTSD).

® Chip Enable. BPIN ARRANGEMENT

BFEATURES £ 2B

® Possible to construct a servo system on a single chip. % " (2 (?

® Require no adjustment because of digital control. 8 4 a a‘? £
2 I8 & = =

@ Possible to use 5V (Operating Voltage Range: 4.25 to

13.8V).
® Low Power Dissipation. FG Amp. © hput [4] 25] V Phase © Input
® Small low thermal resistance surface-mount package. FG Amp. Ouput [5] 124] V Phase @ Input
Direction E E U Phase © Input
Chip Enable [7] [22) U Phase @ Input
300/360rpm Select [8] l21] vee
Integrating Amp. Output E ZO] Current Detection
Integrating Amp. Input @ E Phase Compensation
Speed Discrimination Output [1] [18] U Phase Output
B E WY E T
= >

(Top View)

B TRUTH TABLE

Chip Enable | Direction Hall Amp. Input Output
CE DIR U+ |U—-|V+ V- |W+[W=| U \ w
H|{L|L|H|H|L H L Open
H L|I|H|L|H H Open L
L H|L|H|L|L|H]|Open H L
L|{H|H|L|L|H L H Open
L{H|H|L|H]|L L Open H
L|IH|L|H|H]|L/|Open L H
L H|{L|L|H|H|L L H Open
H|L{L|H|L|H L Open H
H|L|H|L|L/|H/|Open L H
H LI{H|/H|L|L|H H L | Open
L{H|H|L|H|L H Open L
L|H|L|H|H|L|Open| H L
H X X | X | X | X | X | X | Open | Open | Open
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HA13440MP

HEBLOCK DIAGRAM

Rve S Oi
S 0.
Rin 3 —_ 3 [:
h I
| Output Amp. leo\

9
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Matrix
Current Control

-0
Cim
Z

4.7

\
|
P > Rios
\[ : 2
W (v) o

Control
Amp. 2%

CE | ‘D_

Hi : Stop
Lo & Start

Limitter
Reference

|
! Cros
DIR "
Hi s Hev. @— Direetion -

Lo For

|

|

Current |

OTSh 1
|

Zero-cross
Detector
1 pulse/=

G
60ppr

Speed
Discriminator
1024 Count

Integrating
Amp.

_________ -@ ]

——w— ¢ koo

Ry C'uF
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HA13440MP

EMABSOLUTE MAXIMUM RATINGS (7.=25C)
Item Symbol Rating Unit Note
Supply Voltage Vee +15 ) 1
Instantaneous Output Current Ly 1.0 A 2
Continuos Output Current Io 0.7 A
Input Voltage Vin +7 \Y% 3
Power Dissipation Pr 2 w 4
Junction Temperature T; 150 °C 5
Storage Temperature Range T —55to +125 °C
Notes) 1. Operating Voltage Range is shown below.
Vee=4.25to 13.8V
2.t =0.5sec.
3. Applicable to chip enable CE, direction DIR and mode select MS terminals
4. Value under Tpinl, 14, 15 & 28 =100°C, Thermal resistance is shown below..
0, pns25°C'W
8; « £55°C W (In the case of metal base substrate)
8, «<80°C‘W (In the case of glass-epoxy board)
5. Operating Junction Temperature is shown below.
Tiopr =0 to +125°C.
MELECTRICAL CHARACTERISTICS (7. =25°C, Vcc=4.25to 13.8V)
Item Symbol Test Condition min | typ | max | Unit Al%;lr',ﬁf;gf Note
Quiscent Current fas CE=2V - 015] 05/mA 20, 21 !
lo2 CE=0.8V, R.=0OPEN - 15 23| mA 1
Input Low Voltage Vi - - 08| V
Input High Voltage Vin 2.0 Vee v 678
Input Low Current In. ViL=0V - +10| A Y
Input High Current i Vin=2V | +10] eA T
Input Current Inn V=2V - = +10| A
Hall Amp | Common Mode Input Voltage | Vi 15| —|te-l0] Vv | 22t027 |
Differential Input Voltage Range Un 70 =1 200| mVpp T
X Output Voltage Vun CE=0.8V, I;=5mA 1.2 1.6 200 V
Hall Bias 2 l
Leak Current Inoff CE=2V, Veg=15V - =1 +10] uA
Leak Current Ickr CE=2V, Vcr=15V - —1 100] xA
g::g“t Saturation Voltage Viar fo=07A — 13 18] V 16.17. 18 2
Io=0.35A - 1.0 1.2 V 2
Current Limitter Reference Voltage Viern ' 0.225] 0.25( 0.275| V 20 3
Reference Voltage Vier2 09Vee 2| Vee 2 {L1Vec 2|V 10 4
S&r}l{t)rol Voltage Ga%n ' Gerl =121 —10 —-8| dB 16,1718 |——
Voltage Gain Difference AGerL -1 +1.0/dB
Input Current In - —| £50| nA 10
Integral Output Voltage A+ 1®=0.5mA 0.62| 0.72] 082 V 5
Amp Amplitude A- I®=—0.5mA —1.64| - 144|122 V 9 5
Gain Band Width BWp Gv=0dB 100f 300| 1000| kHz
Output High Voltage Voou Io=0.5mA Vee=03 - - Vv
Speed Output Low Voltage Voor Io=—0.5mA - - 03] V
Discrim- Cut-off Current Inoff V=25V - —| +50|nA 11
inator Operating Frequency fo - —| 1000 kHz
Count Number Np —| 1024 -
0SC Oscillation Frequency Range fosc - —| 1000| kHz 13
Qcsillation Frequency Error A fosc 492kHz Ceramic Oscillation - - +£02|.%
Voltage Gain Gre f=300Hz 39 41 43| dB 5
FG Amp Gain Band Width BW: Ci8=0, Gr¢=—3dB 5 10 20| kHz
Input Resistance Ri 120f 180| 240| Q 3
Distortionless Output Voltage | Vo f=300Hz 1.0 - —| Vems | 5

@ RITACHI
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HA13440MP

Item Symbol Test Condition min | typ | max | Unit Aﬂ‘:}#fﬁgﬁ Note
Zerocross | Hysteresis Vhys 35 50| 65| mV 5 L
Detection | Offset Voltage Vas - —| +10| mV
OTSD Operating Temperature Tia 125 — °C
Hysteresis Thys — 25 —|°C
Notes) 1. Sum of @, @ in current.
2. Sum of upper and lower transistor saturation voltage.
3. Measure from Ve pin.
4. In the case of Vec>11.2V, the value keeps 5.6V £10%.
5. Measure from Vi.s2.
EEXTERNAL COMPONENT
Part No. Recommended Value Purpose Note
5V/3.5” FDD 12V/5.25” FDD
Rio1, Rioz, Rio 4.7Q 4.7Q For stability
Rios 330 1.8k Hall Element Bias
R 56k 56k Integral Constant
R> 150k 56k Integral Constant
Rnr 0.62 0.39 Current Detection 1
Cio1, Croz, Cios 4.7uF 4.7uF For stability 2
Chos 0.1z 0.1 Supply Bypass 3
Cios 10u 104 FG Amp AC Coupling
Cios 4700p 4700p FG Amp Band Setting
Cio7 47p 47p Oscillation AC Coupling
Chros 0.1u 0.1z Control Amp Phase Compensation
Cros, Crro, Cin 0.01x 0.01x For stability
C 0.022u 0.047u Integral Constant 5
Co 0.22u 0.47 1 Integral Constant 5
X'tal 492kHz 492kHz 4
Notes) 1. Current limitter operates by the following equation.
Viern
mar R‘\.'_.

2. Need to use non-polar type.

3. Put them as near the IC as possible.

4. Oscillation frequency (fosc) is determined by the following equation.
(1) When 300/360 selection is “H" level,

2

fose =82 fii (1)
(2) When 300360 selection is “L" level,
fose =82 fo (o)

5. Need to use small leak current

228
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HA13441 7 HA13442 °; e """ Preliminary

HA13441 and HA13442 are three-phase brushless DC motor
drive IC of 2A/phase, 4A/phase and have following functions
and features.
® FUNCTIONS
® 2A/phase (4A/phase) three phase output circuit.
® Hall Amp., Matrix.
@ Chip Enable.
® Buffer Amp.
® Control Amp.
® Speed Discriminator.
® Oscillation Circuit.
® Zero Cross Detector.
® Integrator. (SP-23TA)
® Current Limitter.
® Ready Circuit. BPIN ARRANGEMENT
@ Low Supply Voltage Inhibit.
@® Over Temperature Shut Down 5w
] 2 WOu
m FEATURES ] 21 WHal
@ Possible to construct a servo system on a single chip. O % ;;’ 1: :‘;‘"
® Require no adjustment because of digital servo system. B w Uow
® Large output current (2A/phase, 4A/phase). v \) Hall”
@ Output voltage noise is smaller. g i", ll.“::{i}"\‘n
® Speed error is small. M 1 Ready Out
® Low Thermal Resistance package. % i’ ::\x?;-l:;n.» Out
[ 1 Integrator In
M} 10 Speed Discri Out
B TRUTH TABLE (] 9 Oscln
Hall Amp. Input Output % : 85\101)”‘"
Chip Enbale CE U v W T v W % t: L)‘.l:cl::,n
H L H H L OPEN O 0+ CE )
(L) (H) (OPEN) 71 3 Phase Compensation
2 Ve
w oo BTSN g OB | s
PE H L :
. B H | L] OpEN | H) (Top View)
L H L L H OPEN
(H) (L) (OPEN)
I I B I S s
Lt H | 3N b i)
H X X OPEN
OPEN: High Impedance
X : Don't care
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HA13441/442

@BLOCK DIAGRAM
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HA13441/442

EABSOLUTE MAXIMUM RATINGS (7.=25°C)

Item Symbol Rating Unit Note
HA13441 HA13442
Supply Voltage Vee +15 +15 \'A 1
Input Voltage Via Vee Vee \% 2
Output Current Io 2 4 A
Power Dissipation Pr 25 25 w 3
Junction Temperature T 150 150 °C 4
Storage Temperature Range Tee —55to +125 —55to +125 °C
Notes) 1. The operating supply voltage range is 12V £ 15% (10.2V to 13.8V).
2. Applicable for Hall Amp. input, Direction input. Chip Enbale input.
3. The value is at Tc=75°C. Thermal resistance shows as follows.
g, - =3C
8; «=40°C
4. The operating junction temperature range is T, =0°C to 1 125°C.
BELECTRICAL CHARACTERISTICS (7.=25C, Vec=12V)
Item Symbol Test Condition min | typ | max | Unit '%Jé[r’l%?r?;? Note
. Icc CE=2V - 1.0 2| mA . 1
Quiescent Current Icc: | CE=08V T 200 60| ma | "2 1
Input Current Iun Vi=6.0V — 2 10| A
Igiaall Amp. to I\?glltl;georlg::gel Mode Vu 1.3 - 95| V
Bias Voltage Vg Ii=5mA 1.3 - 18] V 5
Leak Current Tcrr Ver=15V - - 2| mA
Output Amp. Saturation Voltage Vit Io=3.0A (1.5A) - 2.8 321V 18, 20,22 2
Va2 In=0.6A (0.3A) —| 18| 24| V 2
Eﬁf]eizgl‘f:e Voltage Internal Current Vier: 048! 056! 063 Vv 1 3
{pternal Reference Vierz 2095 315 335 v | 11
Buffer Amp.  ['Voltage Gain Gr LS dlaB : 4
Difference of Gain AGv - -] +£1.0{dB
Input Current I (ER) - - | 60| nA 11
. A+ Io=0.5mA 1.10| 140{ 1.60f V
Integrator | Output Voltage Swing A— | lo-—05mA “055| —07|-085] vV | 12 T
Gain Bandwidth BW | G=0dB 100 —| —|kHz T
Output High Voltage Von Io=0.5mA 58 6.1 -V 5
Speed Output Low Voltage Vor. To=—05mA ] ez2[ v " 5
Discriminator | Cut Off Current Loss - -] +60| nA
Count Number -1 2048 -
Input High Voltage Vin 2.0 — - Vv
Chip Enable Input Low Voltage ViL - — 0.8 V .
Input High Current Iin Vin=5.5V - = +10} uA
Input Low Current I ViL=0V — —| +10| A
0SC Freque'ncy Error Jose - - 01| % 8
Operating Frequency Fosc ' - - 8| MHz
Zero Cross Detection Sensitivity Vz - - 30| mVpp | 21,23 6
Output High Voltage Von Lource =0.1mA 4.8 5.0 - Vv
Ready Output Low Voltage Vou. Link=0.1mA - 02| 03] V 14 I
Circuit Output Current Lsink V=25V 0.1 0.2{ 0.3 mA
I V=25V 0.1 0.2 03| mA

® HITACHI
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HA13441/442

.. . .. | Applicable
Item Symbol Test Condition min | typ | max | Unit Terminal Note
LVI Operating Voltage - - 9.0 V
OTSD Operating Temperature T 125 — -1 °C
Input High Voltage Vin 4.0 — -V
L Input Low Voltage ViL — - 0.8 V
Direction - 6 —
Input High Current I Vin=5.5V .= —| +10| uA
Input Low Current I ViL=0V - —| 10| A
Notes) 1. Sum of @, @ in pin.
2. Sum of upper and lower transistor saturation voltage. ( ) shows HA13441.
3.( )shows HA13441.
4. Measure from Vee pin
5. Measure from Vi.j2
6. Minimum input voltage necessary for producing trigger pulse.
B EXTERNAL COMPONENTS
Reference Value
Parts No. HA13441 HA13442 Purpose Note
3.5” X2disk HDD | 5.25” X6disk HDD
Rio 1kQ 1kQ Hall Element Bias
Rio2 470 470 For Oscillation Stability 1
Rio3 330 330 For Stability 2
Rio4, R1os, R1os 2.2 2.2 For Stability 2
R 22k 22k Integral Constant 3
R: 330k 330k Integral Constant 3
Ruwr 0.47 0.22 Current Sence 4
Cin 0.1xF 0.1F Power Supply By-pass 2
Choz 10p 10p AC Coupling OSC
Cios 0.047u 0.047p For Oscillation Stability 1
Cios 0.1z 0.1p For Ready Output Fillter
Cios, Cros, C1r07 3300p 3300p For Stability 2
Cios 0.068 0.068 Control Amp. Phase Compensation 2
Cio9, Crro, C1nn 0.1x 0.1z For Stability 2,5
Cuz, Cui3, C114 2.2 to 10u 2.212 to 104 EMI Reduction 6
Cuis 0.1x 0.1x For Stability 5
Cy 0.0224 0.1 Integral Constant 3
Ca 0.47u 1.0x Integral Constant 3
X'tal 3.932MHz 3.932MHz Resonator 7
Notes) 1. Unnecessary in some output frequencies. Contact with the resonator maker please.
2. Put them as near the IC as possible. When attached at a distance, these parts lose the effect.
3. The optimum value depends on the motor specification (Inertia moment including load, torque constant, standard rotation number)
4. Output Current is limited as shown below. Use non-inductive type of Rxr.
_Ven
Tomex =" ww
5. Use these capacitors which have good frequency characteristics and cause no 2nd resonance.
6. Need to use non-polar type.
7. Use crystal oscillator.
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HA16628P @ 5-bit D/A Converter and Position Amplifier

The HA16628P is a monolithic integrated circuit designed for
use with the HA16629P to DC motor positioning system for
applications such as carriage/daisy-wheel position Control in
Typewrites.

HEFUNCTIONS

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

B FEATURES

(DP-16)

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

BMABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit Note

Supply Voltage Vee 20 \

Common Voltage Ve 0.55Vee \

Power Dissipation Pr 450 mW

Input Voltage Vi 6 A% 1
Output Current Io +5 mA 2
Operating Temperature Range | T, 0 to +70 °C

Storage Temperature Range Ts ~50 to +125

Notes 1. Apply to DA,~DA., Sign, ENABLE, STROBE
2. Apply to Pos-Out, ERR-Out

HBLOCK DIAGRAM

DA-In DA-Out

Enable @
oas @) _,l> 12) ERR-Out
DA3 @ ; Error

D-A Amplifier

oaz (0 Conv
D.\l @ erter
DAY @
Sign @

() Pos-in

Position
Amplifier

———@ POS-Out
| '
|
Strobe @ }
[
- " &
Ve W GND

G HITACHI

B PIN ARRANGEMENT

N
Enable II E Vee
DA E 15| DA-In
DA3 E El Va
DA E 13| DA-Out
DAL E E] ERR -Out
DA E II POS Out
Sign E 10 ms!ln
GND E _T_I Strobe
(Top View)
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HA16628P

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V, Vp=5V)

Item Symbol Test Conditions min typ max Unit
Supply Voltage Vee 10 — 20 \
Supply Current Icc No Loads — — 10 mA
Supply Current of Vs (Pin 14) Is No Loads - - 1 mA
®D/A Converter
Item Symbol Test Conditions min typ max Unit
Current Reference Input Range (Pin 15) | Ipain all inputs "L 0.3 —-— 1 mA
Current Reference Off-set Voltage (Pin 15 to 14) | Vio Ipsin=0.3 to 0.7mA —-20 — 20| mV
Tpaou 01> I04.2=0.516mA, Sign="H_ Other input all'L_ 0.96 0.98 1.00 mA
Output Current - =
Ipaout 2> Ipan=0.516mA, Sign="L_ Other input all'L_ —1.00 [ —0.98 | —0.96 mA
Ipaow 3 Sign="L._ Enable="L_ Other input all"H_ -1 — 1 MA
Output Current (Output Offset Current) . . -
Tpaout i) Sign= H_ Enable.="L_ Other input all'H_ -1 — 1 HA
Low Level Input Voltage (Digital Inputs) Vie — — 0.8 \Y
High Level Input Voltage (Digital Inputs) Vin 2.0 — -— A%
Low Level Input Current (Digital Inputs) I Vie=0V -1 — — HA
High Level Input Current (Digital Inputs) Liu Viu=5V — — 20| HA
®Error Amplifier
Item Symbol Test Conditions min typ max Unit
Input Offset Voltage Vio All inputs "H; DA-out to ERR-out -5 — 5| mV
Output Voltage Swing Vour Ierrouw=1mA Ve—3.3] — |V&+3.3 A%
®Position Amplifier
Item Symbol Test Conditions min typ max Unit
Low Level Input Voltage (Pin 9) Vi - - 0.8 A
High Level Input Voltage (Pin 9) Vin 2.0 — — \Y
Vioa Strobe ="L, POS-IN to POS-out -10] — 10| mV
Input Offset Voltage
Vioa Strobe ="H, —-10| — 10| mV
Input Bias Current (Pin 10) Iis Strobe ="L -1 - —| kA
Output Voltage Swing Viur Ipos-oue=1mA, Strobe ="1., Ve—3.3] — Vs+3.3 \
B D/A CONVERTER LOGIC FUNCTION
Digital word
Sign | DA4 | DA3 | DAz | DA1 | DAO | ENABLE Commands
* * * * * H DAout=Zero
* H H H H H L DAout=Zero
L H H H H L L DAout=+min
L L L L L L L DAout = +max
H H H H H L L DAout = —min
H L L L L L L DAout=—max
Notes® * =indifferent L =Low level H=High level

+max=Source Current
—max=Sink Current

+min,
—min,
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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 motor positioning System for
applications such as carriage/daisy-wheel position control in
Typewrites.

HEFUNCTIONS

® Tacho Voltage Generator (F/V converter)
@® Reference Voltage Generator
® Position pulse Generator

B FEATURES
@ Single Supply Voltage 10V DC to 20V DC

-16
@ Position pulse output is open collector (DP-16)
B ABSOLUTE MAXIMUM RATINGS (Ta=25C) B PIN ARRANGEMENT
Item Symbol Rating Note U
i Vs [I E Vee
Supply Voltage Vee 20 Y
Common Voltage Vs 0.55Vcc \Y Bcos I_Z E Dsin
Input Voltage (Pin 4,10,13,14) Vias Vee \' Bsin E E Esin
Input Voltage Pin 6,7) Vi Ve+5* \Y . E ,1__31 fone
Output Voltage (Pin 11,12, 15) Vour 20 \
12] Deos
Output Current (Pin 11,12,15) Lot it 5| mA micio [} De
Output Current (Pin 2,3,5) Tow 2y +1 mA Mcos E E Dinx
Output Current (Pin 9) Low ) -1.5 mA Msin E 10] Einx
Power Dissipation Pr 450 mW . E E Vaer
Operating Temperature Range Topr 0to +70 ‘C
Storage Temperature Range Tus —50 to +125 ‘C (Top View)

* (Ve—5V)20V, (Vs +5V)< Vee

W BLOCK DIAGRAM

Vee Vs GND

9
—@ Dinx

Einx C1 Comparators

with

Hysteresis —@ Dsin
sin @~ K
-——@ Deos
Ecos (13, & g

—-@ Vaer

Reference
Generator

_;__%_l.—_or @ ssin
o ?) Beas
D> )

oa O

Msin (7

Mcos @— x F/V Converter _}

—(5) TACHO

@ HITACHI
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HA16629P

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V, Vs=5V)

Item Symbol Test Conditions min typ min Unit
Supply Voltage Vee 10 — 20 v
Supply Current Icc no Loads - — 20 mA
Supply Current of Vs (Pin 1) Is no Loads -2 - 2 mA
®Comparators with Hysteresis (C:,C. and C:)
Item Symbol Test Conditions min typ min Unit
Input Bias Current Iis Veinx = Vesn= Vecos =5V -2 — — KA
. C, (Pin 10) 7.2 7.5 7.8
Input "H, Level Threshold Voltage Vrwn
C;,C; (Pin 14,13) 5.1 5.3 5.5
. C, 5.7 6.0 6.3 \%
Input 'L, Level Threshold Voltage Vrne
C., Cs 4.5 4.7 4.9 '
Output "L, Level Voltage Vor IoL=2.5mA — — 0.4 A%
Output Leak Current Tow Von=5V — — 2 MA
@ Amplifiers (A, —Ai,,A; and —A))
Item Symbol Test Conditions min typ max Unit
Input "L, Level Voltage (Pin 4) Vii - — 0.8 v
Input "H, Level Voltage (Pin 4) Vin 2.0 — — \
Common Mode Input Voltage Range Vew V2.5 — |Vst3.5 Vv
Output Offset Voltage ‘A, and A;) Voscon [ D.r=L - 30 — 30 mV
Output Offset Voltage ' —A, and —A; Vos D.r=H —50 — 50, mV
Voltage gain (A, and A;) Avo. . D=L — 1 — V/V
Voltage gain t —A, and —A;) Avp, D.r=H - -1 —| V/V
Output Voltage Swing Vour Ve—3.3 — | Vs+3.3 \Y
®Reference Generator
Item Symbol Test Conditions min typ max Unit
Vier Irer=—0.5mA, Note (1) 7.5 8.0 8.5 4
DC Reference Voltage (Pin 9!
Vierz Irer=—0.5mA Note (2) 6.7 7.5 8.3 A
Note (1) Note (2)
Test Conditions Test Conditions
No. Unit No. Unit
E sin E cos E sin E cos
1 Vet 2 Vet =2 Voe 1 Vot 3 Ve Voo
JT J’_z_
2 Vot 3 Vi - Vi 2 Ve Vat3 Voe
/2 J2
3 Vi — % Vs+ ]Tg_— Vie Vems v
4 Vi— % Vo J% Vi
Va5V
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HA16629P

®F/V Converter

Item Symbol Test Conditions min typ max Unit
Input Bias Current Iis Vit sio= Vi cos =5V — 5 15 MA
Vracnon Note (1) 1.5 — 2.0 Voe
DC Output Volt Pin 5
utput Toltage tHin 57 Vracnoz Note (2) 8.0 — 8.5 Vbe
Output Voltage Swing Vour Vs—3.3 — Vs+3.3 \Y
Output Offset Voltage  Pin 5) Vio M o=M c0i=Vs —80 — 80 mV
No. Cv*| Esin | Ecos | Msin | M cos
1 Vi \Z V. 1%
Note 1) 2 Vi Vi |2 1% Ve Vad1 (V
Note w=Vg (V)
3 Vi Vi |% V.
- = Vi=Vsg—1:Vi
4 Vi Vi V. V. 1.6
/ Vo=Vet —= V)
5 Vi Vi Vv V. B f?— {
6 Vi Vi V. V.
Note (2) ;L6
o 7 vio | v [ v Vo=Vem—a V)
8 Vi Vi 14 1% Ve=5 '\
B WAVEFORMS
®Clock Wise Direction
Ecos _\/\/\/\—_ Vs
e L LT LT cov
Beos | I I | v
DiR l _____________ 40V
et _ L r e
e e I
Mcos _W__ Vi
Veer  __ --4xv ‘vx\./\,(\)\’\.' \, 'A’\/\,\/\." A‘\/ :,/\A\,:x\,/\’v'\ N e Vi
cosx Esin ) fy o Ecos
(eosn 21 ) (nx 222
TACHO OO A\/,X.\«ﬁ><,x\\,\7,x \\’\ v
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HA16629P

Vee

HA16629P

o
z
<

& lJr/ )
Comparator with

Hysteresis

Gi}; ('z—l,b

|
>

7
i

> Ref. Volt. Gen.

5 16 00 o

9

TACHO
O i

Dinx

to

Dsin Microprocessor

Deos

Veer

Bsin

[

00150 F

Bueos
C2

0.01501 F

Enable @

B APPLICATION:
Einx 10
From ‘s
Encoder Esin
Ecos 13
Dik
Msin
Meos 6
DA 4
DA 3
ba 2
From DA
Microprocessor
bAo
Sign
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Storobe &

Cs

0.224

HAL6628P

|

DA
Conv.

Error Amp.

Rz <f Ry
w20 820

Motor Drive Signal

R: Ro

4 eg B¢

E2rZ 3k
{_z) ERR Out

©
O

10) POS In

Position

Amp. Rio

15k

POS Out

)

Ve

‘M’
Vi

b

GND
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HA1 6631 P, HA1 6631 M P @Flexible Disk Read Amplifier

The HA16631P and the HA16631MP are monolithic read
amplifiers for flexible disk drive, and provide wave-shaped
output signals. The amplified signals from the magnetic head
generate data pulses by differentiator, zero-volt comparator
and waveform shaper section.

B FEATURES

® Combined all the active circuit to perform the flexible
disk read amplifier function in one chip.

® Direct connection with TTL's.

HA16631P

(DP-18)

HA16631MP

*

(MP-18)

EBLOCK DIAGRAM

Active
Differentiator
Components

Filter Network

Digital
Output

m|

15 14
| H '__‘i'“'{" B
| I Active | Peak
1 'l Differen- | Detectos
' N oo .
I Gain Stage | | Comp. |
L g ‘

Magnetic
Head

One Shot 2

One Shot 1

Gain Select

Analog Input

@ HITACHI

BPIN ARRANGEMENT

®HA16631P
Amp. {E E v
Input
" B
[] 3}
- Output
3
Offset [E 'T—q
Decoupling
15
[_T_ j In.rf.
nput
o 5] )
Shot 1 E :] Comp.
7 12
8 1{ Vear
o (O N
Shot 2 Data
CTop View?
®HA16631MP
Amp  Amp Amp
Input Input Veer Output
21 18 17
W s Y s SO e O
Offset 5
Dot ting 311 O 16 Amp Output
Offset 4 [ 15 Diff. Input
Decoupling
GND 5] N 14 Dift. Input

One Shot 1 6]

One-Shot 1 7]

] 13 Diff. Comp.

12 Diff. Comp.

o= g s gy =
8 9 10

One- One-  Data
Shot 2 Shot 2 Output
(Top View)

=
11
Veer
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HA16631P,HA16631MP

B MAXIMUM RATINGS (Ta=25C)

Symbol Rating Unit

Power Supply Voltage tPin 11!} Veer 7.0 A%
Power Supply Voltage Pin 18) Veee 16 A%
Input Voltage ¢ Pins 1 and 2) Viv —0.2 to +7.0 \
Output Voltage ' Pin 10} Vo =0.2 to +7.0 A%
Differential Input Voltage (Pins 1 and 2! Viveayrs 0to +5.0 \%
Operating Temperature Topr 0to +70 °C
Storage Temperature Teie —55 to +125 ‘C
EEELECTRICAL CHARACTERISTICS
®Operating Power Supply Voltage Range ( Ta=25C)

Item Symbol Test Condition min typ max Unit | Test Circuit
Power Supply Voltage Range Veerr 4.75 5.00 5.25 v
Power Supply Voltage Raoge Veear 10.0 12.0 14.0 Y
®Amplifier Section (Ta=25C, Veeir=5.0V, Vecz=12.0V : unless otherwise specified)

Item Symbol Test Condition min typ max Unit | Test Circuit
Differential Voltage Gain Avy | /= 250kHz, Viv=5mVrms 80 | 110 | 10 | v 2

‘V(('IR ‘/A'A'Zﬂ
Input Bias Current Lin Veera =12V, Vey=4V — 1 9 MA 4
Common Mode Voltage Range Veu 1.85 — 6.2 2
Output Distortion Ratio THD f:IkHZ’, Vis = 25mVp-p — 1.5 5 % 2
Veern Veear

Differential Output Voltage Vo | Ve Vecen 3.0 | 4.2 . 2
Swing
Output Source Current Io — 8.0 — mA 8
Output Sink Current /. -
Pins 16 and 17 Tos Veern !’u:’h’ 2.8 4 mA 9
Input Resistance rix 30 120 — kQ 5
Output Resistance o — 15 — 9] 6
Common Mode Rejection Ratio CMRR | f=100kHz, Vix=200mVp-p 50 — — dB 11
Power Supply Rejection Ratio Vee=12.0V o _
Vo PSRR | 4 25V Ver < 5.25v %0 ® 10
Power Supply Rejection Ratio e Veer=5.0V _ _ '
Vees . PSRR: | 10,0V 2 Veeo= 14,0V 60 B 10
l?ifferential Output Offset Voo . _ 0.4 v 7
Voltage
Common Mode Output Voltage Veo - 3.1 — Vv 7
Effective Differential Emitter
Resistance : Pins 3 and 4 Reer 370 570 770 o 3
®Peak Detector Section (Ta=25C, Vcci =5.0V, Veez =12.0V : unless otherwise specified)

Item Symbol Test Condition min typ max Unit Test Circuit
Sink Current ' Pins 12 and 13" Iso 1.0 1.5 - mA 12
Peak Shift Ps f=250kHz, V;»=1.0Vp-p — — 5 % 13
Input Resistance T — 30 — kQ 17
Output Resistance Top — 40 — Q
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HA16631P,HA16631MP

®Waveform Shaper Section (Ta=25C, Vccir, Vecer: unless otherwise specified)

Item Symbol Test Condition min typ max Unit | Test Circuit
. Veer=4.75V _ .
Output Voltage H (Pin 10) Vou Veer =12.0V, Ton=—0.4mA 2.7 — \Y 15
, . Veer=4.75V _ _ , :
Output Voltage L (Pin 10) Vor Vecr=12.0V, Tor =8mA 0.5 \Y 16
- . . Veer =5.0V, Vee: =12.0V . _
Rising Time (Pin 10) triw Vo= 0.5V—+2.7V 25 ns 14
. . . Veer=5.0V, Vee:=12.0V _ _
Falling Time (Pin 10) trie Voe=2.7V—0.5V 25 ns 14
f=125kHz 600 — 2000 ns
Timing Range #1 tia,s
/=250kHz 600 — 1000 ns
L t1=0.625C\ R, +150
Timing Accuracy #1 t 1 =200pF, Ry = 6.8k 850 1000 1150 ns 14
Timing Capacitance #1 C\ 150 — 680 pF 14
Timing Resistance$1 R 1.5 — 10 kQ 14
f=125kHz 150 — 1000 ns
Timing Range #2 taa,
f=250kHz 150 — 750 ns
- ) t1=0.625C R .
Timing Accuracy #2 C1=200pF, R =1.6kQ 170 200 230 ns 14
Timing Capacitance # 2 100 — 800 pF 14
Timing Resistance #2 1.5 — 10 kQ 14

B TIMING CHART

Differentiator Output

Comparator Output

tz
C.
R:
Differentiator Input fl\
(Pins 12 and 13' +
T
|
’\I
N
|

One Shot #1 Q ]

D Flip Elop Q

One Shot #2 Q Pinlo

@ HITACHI
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HA16631P,HA16631MP

B TEST CIRCUITS

1. Power Supply Current

18 ———@——‘OIZV

1V 1
L ol =
3 16
4 15
5 14

13

12

:

10 -

1.6kQ

YW

6.4kQ

3. Pre-Amplifier Section Effective Emitter
Resistance (Pins 3 and 4)

250
ik | |5 f————0 12V
Van W 2 1T f——o0 .k
519 . 1% ‘o
1 15
Sl 5 14
’Lr [} 13
7 12
] 1 —o05\
4 10

Vi =5mVrms

[ 250k
AN\
Wy
Laky
AN
WV
6.4k
A
B
B P —. T
Ao |
Aee
Hn
Vw1
Vowr R
R..=500Q
242

N

. Voltage Gain, Band-width, Output Voltage

Swing, Output Distortion Ratio

25uF
1 .
] v 1 18 12V
v O nr 2 17 —o
510 pilabi Y 16 1.5k
g e ) 15 1.5k
v — 5 14
6 13
7 12
8 u 0 4.75kV
9 10
1.6k 4y = Vol6-Vo17
AA Vin
WY
6.4k
4. Input Bias Current
Lin
L
1 1§ p————0 12V
2 17
3 16
v 4 15
6 13
7 12
3 1 o5\
9 10
MA
WA
1.6k
MA
WA
6.4kQ

Measure [rh2 in the same way.
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HA16631P,HA16631MP

5. Input Resistance

1.6kQ

—AA

1 1§ p———o 12V

2 17 p————o0 Vou R
(0)

3 16

4 15

5 14

6 13

7 12

8 11 O 5V

9 10

6.4kQ

Vi R R\
Vis= V. 0-Vou R

Riex

T Vw0
Vou R

Rier =100kQ

7. Differential Output Offset Voltage, Common
Mode Output Volitage

i

—

© o~ o e W N

|—————o 12V
——0 Viy
F——0 Vs

AN

VW

1.6kQ

AAA

VVV

6.4kQ

Voo=1 Viz=Vie i

6. Output Resistance

2.5uF
1 18 f———o0 12V
2 1730V
(o0}
3 N Jp
4 15
s y Roes
6 13
7 12
8 11 0 5V
9 10
AN
WA
6k
AAA
VVY
6.4k8
, Vi = Vou R
' VR R
= Roved Vaur ™ Vawr R = 1)
Ruer =500Q
8. Output Source Current
Ny 0—1: 1 18 12v
2
3
4
5
ﬁg 6 ;
7 12
8 11 —O0 5V
9 10
Av‘ Vv
1.6kQ
AvAVl‘V
6.4kQ
Measure Pinl6 in the same way. Reo @ V'™
Vit Vig'™ 0.1V

@ HITACHI
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HA16631P,HA16631MP

9. Output Sink Current

10.

Power Supply Rejection Ratio

500
o 1 1sf————oveer
50
. N TG
7 3k
s 16
w | K 15
10mF 5 14
7 200pF | )
52k0 =2 b 1
AN— 7 12
200pF N " 1 y
15kQ == c
+—N—F—9 0
Fluke #3754

Digital Multimeter

12. Differentiator Output Sink Current

1 18 p————0 12V
F ) o
3 16— : }—o 5V
Y X 5
6 13
7 12
8 1 0 5V
Y 10
A
VWA
1.6k
AV
6.4kQ
Measure Pinl2 in the same way.
11. Common Mode Rejection Ratio
2.5uF
” ] 1 18 o 12V
2 17 0 Vs
Vin ) .
519 ”m"‘ 3 i O Vs
- -
3 15
I;—— 5 14
" 8 13
Vi =200m\Vp p - 12
/= - LOMHz B " o
4 10
A\I‘\\fv
1.6k
Sy —
6.4k

ooV,

CMRR= 20108, =i
e Vit

Measurement is performed using Vector Voltmeter hp&d05A, or equivalent.
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Measure

1 1 012V
L 2 17
3 16
f 15
. 3 14
6 B—()—osv
7 12
¥ 1 —o 5y
9 10
1.5k
AWV
6.4kQ

Pinl2 i the same wav.



HA16631P,HA16631MP

13. Peak Shift

av O—C 1 18f———o012v
2 17
£=250kHz
3 16
4 15 Via=10Vp-p
e 14 ]
e k 13 01uF
200pF 7 ; 12 ke "”
— 1s 1t o5, 510 Vo
T 9 10 S sy Pinl0
200pF Loy 1 tpa
2460
A ]
WA
Re 1.6kQ e P ;)7-
P Lps1 = Ups
A * ps=1r2- % 100%
tpet ttpe2
Ry 6.4k0

14. Timing Accuracy, Rising Time, Falling Time

4V°—'—: 1 |E) m—] 12v
2 17
3 16
4 lS:l
,F— 5 14
o ——1¢ 13 kg OduF  400mVpop
200pF 7 12
e 1° n —o5V ., %sm
2 ——
200pF 9 10 o 3
2.4kQ
A
VVV.
R2 1.6kQ = 15pF
Yy
Ri 6.8kQ

trin=true 10ns
J=250kHz

50% Duty

0.2V Vi
oV

tia 0 . .
1.5V / | :/':;'10 Yout
L5V : Pinl0

tia L tg - t2
U x100% LR ET2= x100%
1.000ms g Etw= —gons X100% 200ns ’

Etia=
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HA16631P,HA16631MP

15. Output Voltage H (Pin 10)

17.

16. Output Voltage L (Pin 10)

4V0—C 1 mr———-o]zv 4y © 1 18p———o012V
2 17 L 2 17
3 16 3 16
4 15 4 15
5 14 5 14
i 6 13 r 6 13
7 12 7 12 8mA
8 11 0 4.75V 8 11 05V
9 10 0 Vau 9 10 0 Vou
‘ 400u A
AvA'A'
1.6kQ 1.6kQ
_AAA A
WA W\
6.4k 6.4kQ
Input Resistance
1 18
B Other Pins Open
2 17
3 16 =-—1
4 15 C) 2L 5V
e 5 up——7
3 13
7 12
0.5
8 1 LA
R T (k)
49 10
B CIRCUIT EXAMPLE Veer
9
3 33
3 3
¢ P4 JI 1 ~ 15} HAI78M0SP
%—1 4; 3: L » '_r
3
3 3
& 3 1 ] A L5k o
< 2 17 bbb
L= 15k | i
[Rwsw — T T
3 16 '——'\M'—
L] <
Head 01 1.5k sk
Select 0.1y »
4 Active ] 15I i
Differ-
entia-
tor 0.1u
5 —E]-—u———
200 1,800p
—C S
1004
: 3 50k
00 ::-] 47k
7 iz}
5.6k J imk
—y [ of® m;
160p —-r Vear
M—I—‘ 9 One-shot 1 o
2k l0| Data Out

246
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HA16631P, HA16631MP

Timing Accuracy tz t2 (25°C)

Common-mode Input Voltage Viw .+ (\)

Supply Current Lo Loor (25°C)

TIMING ACCURACY VS.
AMBIENT TEMPERATURE

COMMON-MODE INPUT VOLTAGE
VS. AMBIENT TEMPERATURE

VeaR Veer=5V
. 8 cc
VeezR = Veez =12V
f=125kHz <
Vin=0.4Vp p 5 —
-
g‘ \\
1.00 sy —
3
5
< T~
X
£
3
£
£
S 6
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Ambient Temperature Ta (C) Ambient Temperature Ta (C)
COMMON-MODE INPUT VOLTAGE VOLTAGE GAIN VS. FREQUENCY
VS. AMBIENT TEMPERATURE
1.8
Veer =5V
1.6 Veez =12V 7] _oe
1.4 = 1.0
i \\
1.2 < 038 h,
i
¥
1.0 £ 06
S
0.8 0.4
0.6 0.2
0 10 20 30 40 o 60 70 80 100k 200k 500k IM M 5M 1M
Ambient Temperature Ta (C) Frequency f (Hz)
SUPPLY CURRENT VS. SUPPLY CURRENT VS.
AMBIENT TEMPERATURE (1) AMBIENT TEMPERATURE (2)
VeaR VearR
105 Ve R 105 VearR
= —
1.00 E 100
E— e — E
3 T~
z
&
7 T~
0.95 0.95
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Ambient Temperature Ta (°C) Ambient Temperature Ta (°C)
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HA16631P, HA16631MP

VOLTAGE GAIN VS.
AMBIENT TEMPERATURE

TIMING ACCURACY VS.
AMBIENT TEMPERATURE

Vear R
VeaR 1.08 VeerR
1.05 VeeaR ' f=125kHz
— Vin=0.4Vp p
o 2
< E
£ oo — e g 100
5 —
£ — g —— ]
© T — <
<
0.95 0.95
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
N o Ambient Temperature Ta(C )
Ambient Temperature Ta (C)
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HA1 6632AP @® VOF IC for Floppy Disk .Drive

The HA16632AP is a monolithic VFO IC for floppy disk
interface. It is designed to accept the read out data from
floppy disk drive, which includes jitter caused by the wow
and flutter of the disk revolution, or peak shift by the mag-
netic effect on the disk. And it generates “Window" signals
which are necessary to separate data pulse from clock pulse.

@ FEATURES

® Applicable to both the 8 inch disk and the 5.25 inch disk
by changing the voltage level “high’’ or “low’ on the
control pin.

® Applicable to both the single density record format and (DP-28)
the double density record format by changing the voltage
level “high’ or “low’’ on the control pin.
® Applicable to various floppy disk controllers such as
FD1791, uPD765 by changing the voitage level “‘high’’ or
“low’ on the control pin.
@ Gate units in the IC chip are constructed by Low power
schottky TTL circuits.
B MAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Power Supply Voltage 1 Vee 7 Vv
Power Supply Voltage 2 Visr 7 \
Power Dissipation Pr 750 | mW
Operating Temperature Range Ta-op 0 to +60 ‘C
Storage Temperature Range To -55 to +125 ’C
W ELECTRICAL CHARACTERISTICS (Ta=25C)
Item Symbol Test Conditions min typ max | Unit _]A_s!}_)ll;'l?:;ilon Note
Operating Power Supply Voltage | Ve o 4.75 | 5.00 | 5.25 V | Vee, Vi
Quiescent Current 1 e cc=5.25V - 80 105 | mA | Vee
Quiescent Current 2 Iivk Vee=5.25V — 28 37 | mA | Vi
20 -RAW DATA
Input High Current 1 Lin Vee=5.25V, Viy=2.7V — — MA : xlll':‘('\)/l SYNC
llnpul High Current 2 Tina Vee=5.25V, Viy=5.25V, ~1RS=3.0V - - 50 MA :?_~IéVHCAHI
Input High Current 3 Tiny Vee=5.25V, Viy=5.25V — — 260 | A | —IRS
-~ RAW DATA
Input Low Current 1 I Vee=5.25V, Vii=0.4V -0.4 - — mA -VFO SYNC
~-MFM
Input Low Current 2 iz Vee=5.25V.V,,=0.4V, ~IRS=3.0V | -1.8 — — | ma | 8INCHI
-FSHA
Input Low Current 3 Iy Vee=5.25V, Vi.=0.4V —4.0 — — | mA | —IRS
Input Bias Current Iis Vixe=5.25V, V,x=2.4V — — 20 HA | Vi
. _ _ - _ +WIND
Output High Voltage 1 Vour Vee=4.75V, loyw=—280uA 2.7 A% —RD DATA 1
Output High Voltage 2 Vone Vee=4.75V, Toyw= —400pA 2.7 - — —PDL, —PDH 1
Output High Voltage 3 Vous Vee=4.75V, low= —100KA 3.4 | 4.0 — +PUL 1

Notei 1. When setting the last output tap gate “High”

G HITACHI
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HA16632AP

B ELECTRICAL CHARACTERISTICS (Continued) (Ta=25C)
. . . Application
Item Symbol Test Conditions min typ max | Unit Terminal Note
+WIND
g 7 o= = p— —
Output Low Voltage 1 Voia Vee=4.75V, lhi=1mA 0.45 \ —RD DATA 2
Output Low Voltage 2 Vora Vee=4.75V, lo.=1mA — — | 0.45 V | -PDL 2
Output Low Voltage 3 Vois Vee=4.75V, Iy, =100xA — — 0.6 V {+PUL 2
Output Low Voltage 4 Vors Vee=4.75V, 1o =100uA — — 0.6 V | +PUH 2
Output High Voltage 4 Vous Vee=4.75V, Ilon=--4mA 3.15 | 3.65 — V | +PUH 1
Output Low Voltage 5 Vors Vee=4.75V, Ilo.=4mA — — | 0.55 V | =PDH 2
. S Vee=5.25V, B _ B +WIND
Output Short-circuit Current 1| [los, FWIND, ~RD DATA=GND 70 14 mA —RD DATA 3
Output Short-circuit Current 2 | [os: Vee=5.25V, —PDL, —PDH=GND | —100 — | =20 mA iﬁglﬁ 3
- N +PUL
Output Short-circuit Current 3| [oss Ver=5.25V, +PUL, + PUH=GND | —100 — | =20 mA +PUH 3
. A - ) Vixk =5V, Cex=91pF _ _ B
VCO Oscillation Frequency Sveo Vix=2.4V. —IRS=GND 4.0 MHz 8 INCHII
Maximum VCO Vixk=5V, Cex=30pF _ _
Oscillation Frequency Jmax Vix=4.0V, ~IRS=GND 10 MHz2 8 INCHI
e Vee =5V, Ci=50pF
M > . ; — —
11 Output Pulse Wjdth 1 twy oy VR1-15k0, -IRS=GND 500 ns | +WIND
. Viee=5V, Ci=62pF
> / ) — —
M1 Output Pulse Width 2 twi s VR1=30kQ, -IRS=GND 1000 ns | + WIND
. Vee=5V, C.=240pF
M > 2 8 —_— . — —
12 Output Pulse Width 1 twe VR 2=25k0, —~IRS—GND 2.50 us RD DATA
. Vee=5V, C.,=500pF
v Sulse W —1 s. - -
12 Output Pulse Width 2 twe s VR 2-25k0. -IRS=GND 5.0 us RD DATA
. Vee=5V, C,=34000pF
o} . j— —
M4 Output Pulse Width 1 twy VR 4=47kQ, —IRS—GND 0.50 ms |TP1
. Vee=5V, C,=68000pF
h 8] 3 / 0 s - . -
M4 Output Pulse Width 2 tw VR 4 -47kQ, —IRS = GND 1.0 ms [TP1
. Vee=5V, Cs=12pF
>, — — —
M5 Output Pulse Width tws VR 5=15k0, ~IRS=3.0V 200 ns RD DATA
Notes 1. When setting the last output tap gate "High”
2. When setung the last output tap gate " Low”
3. When setting the last output tap gate "High”
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EBLOCK DIAGRAM

MIC MIR Vee —PDL —PDH +PUL — PUH Viy Visg
- N\ -
vDR»\éTvY\ L Time Delay Phase Gain Voltage
o Circuit Comparator Switching Control
Circuit Oscillator
| (veo)
Loop
L SR Switch-
IRS Pulse ing
Circuit Circuit
| T t
—8INCHI Dividing
Circuit
MeM (
— = .___.__I___._._.___,____.....__1
‘ ! L |
M2R GAP Sync D VFO
Reset Count =1 Separator Sync | Decoder
M2C Circuit Circuit Circuit Circuit 1
[} | | ——I Decpder I
LT T ]

HPIN ARRANGEMENT

M¢R  M4C - FSHA GND

©—t +wiw
©—t: -rona
—©—: wc
Ry ©F
Vi f—-wv—-r—@——4 MsR
©—

28 —8INCHIT]

TA 27 Visg ]

26 Vi -

25 Cen -

-5 -vFosYNC = 24 Co
T
L6 -FSHA ~ 23 G —
”“.M},_I_@__v M4R 2 2 PUH
& -
T o+ wc < 2 Pl
SWi =
7;——@)——9 GND 0 L
R2
-’VW:—I—©—-+—H) M2R 19 PDH
C2
1(@——n M2C 18 -I1RS —f
©—+ 1z -mru 17 Mmic
©—1 13 -RawpaTa 166 MIR ~ —
@-——n -TP1 15 Ve —
Di~Ds : 182076
Q. Q2 : 25C641(®)
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B PIN EXPLANATION

Item Pin Name Signal Remarks
Vee Power Supply for every block except VCO block
GND GND for every block except VCO block
Pin for Power Supply
Ving Power Supply for VCO block
Ginr GND for VCO block
_RAW DATA Raw read data signal from flfexible disk drive, including
signal components of clock signal and data signal. Clock Data
Signal Signal
Input signal which shows detectionof SYNC Byte(periodic signal).
—VFO SYNC When‘FSHA="Low':: thisnsignal switches gain to lead-in loop.
—~VFO SYNC="Low™ SYNC Byte detected
—~VFO SYNC="High™ SYNC Byte undetected
Mode select pin for MFM or FM
—MFM -MFM="Low"™ MFM mode (double density)

Pin for Input Signal

-MFM="High"= FM mode (single density)

—8INCHI/(—VCO)

1. Select pin for 8inchi FDD or 5inchi FDD (—IRS="High")
-8 INCHI="Low"—8inchi FDD
—8INCHI="High"—5inchi FDD

2. VCO oscillation output monitor pin(—IRS="Low")

—FSHA

Select pin for the kinds of Flexible Disk Controller(FDC)
—FSHA="Low"=FD1791, MB8876, 8877
~FSHA="High"—=uPD765AC

252
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B PIN EXPLANATION (Continued)

Item Pin Name Signal Remarks

Pin for testing IC’s
Pin for Input Signal —IRS at using the packaged 1C = —IRS="High"
at testing IC = —IRS="Low”

Input Pin VIN Control voltage input pin for VCO

1. Window signal output pin to distinguish data signal from
signal which are included in —RAW DATA signal.
+WIND ="High"— for distinguishing clock signal
+WIND/(+M1Q) +WIND ="Low"— for distinguishing data signal
(-IRS="High™)
2. Monostable Multivibrator Output Pulse Monitor pin for
M1(—-IRS="Low")

1. Adjusted Read data output signal pin(—IRS="High")

Pin for Output Signal | —RD DATA/(+M2Q)

2. Monostable Multivibrator Output Pulse Monitor pin for
M2 (—IRS="Low")

—PDL Output signal for charge pump down at Low Gain
—PDH Output signal for charge pump down at High Gain
+PUL Output signal for charge pump up at Low Gain
+PUH Output signal for charge pump up at High Gain
™1 IC test monitor pin
EPIN EXPLANATION
Item Pin Name Signal Remarks
Resistor Capacitor M1R Ready access pin to capacitor and resistor M1
MI1C Ready access pin to capacitor for monostable multivibrator M 1
Ready Access Pin M2R Ready access pin to capacitor and resistor M2
M2C Ready access pin to capacitor for monostable multivibrator M 2
M4R Ready access pin to capacitor and resistor M 4
M4C Ready access pin to capacitor for monostable multivibrator M 4
M5R Ready access pin to capacitor and resistor M5
M5C Ready access pin to capacitor for monostable multivibrator M 5
CEX1 Ready access pin to capacitor for VCO
CEX2 Ready access pin to capacitor for VCO
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@ TIME CHART

®Case 1 (8inchi, MFM, LOW Gain)

CL CL DATA CL DATA Cl DATA Cl. CL
T n
—RAW DATA U ! “ | “ !J, “ FIL II ]l
il | | 1 - -
(Input) 200ns ', (I Al i,
2us Tous My usius 2us
CL  CL DATA CL DATA CL DATA ClL__ CL

( Output) 2“0“?'!“ : |
Li T
(Output) ,LT-,o-—\‘ - }W‘, 'rﬁ{ F

500ns 500ns 500ns 500ns

~RD DATA “ U I ] u u !.I 1

®Case 2 (8inchi, MFM, High Gain)--------- SYNC Sig.

CL CL CL CL CL CL I ClL. CL Cl. CL. ClL.

~RAW DATA I L H | H‘ U u_

e - e
| 2us | 2us | 2us 2us 2us 2us | 2us 2us | 2us v 2us bV 2us oo

o

CL CL CL CL CL CL

-RD DATA u dus u dus _u dus _u dus u us _u

i -t 1

Sol)nsé'&': r\J'T' :‘\'u"' ."\Tf'.' '\'f' W

Zus 500ns 500ns 500ns 500ns 500ns

®Case 3 (8inchi, FM, LOW Gain)
DATA DATA DATA
CL CL CL CL CL CL  CL CL CL 'l L
i
S L DL LB L B

2us2us
" DATA
CL CL

200ns !
'
CL

- RD DATA

Cl
2()()ns; e ! ! !
| ! l
Fw1sD SpEpEplipipipHpEnEniinEnEnly
[ aTs
17 2us 11
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HA16636P @® Ground Fault Interrupter

The HA16636P is

fault protection. It's applied for amplifier section of ground
fault interrupter, and consists of differential amplifier and

a monolithic circuit designed for ground

mono-table multivibrator.

B FEATURES
@® Minimum external parts.
® Wide temperaturerange . . .. ...... -20°C ~ +85°C
@ High packing density for SIP-8 package.
® Output pulse from mono-stable multivibrator
................. tow = 55ms typ, C = 0.68uF
® Temperature compensated for sensitivity of leakage
current. (SP-8)
® High surge voltage and wide noise compensated.
H ABSOLUTE MAXIMUM RATINGS (Ta=25C) EPIN ARRANGEMENT
Item Symbol Rating Unit Note
Supply Current Ie¢ 10 mA Voo E
o [7]
Excess Supply Current 1. 150 mA 1 E
Oupur [ 3
o , .
Power Dissipation Py 100 mW 2 - E
Operating Temperature Range T -20 to +85 ‘C ™ E
Storage Temperature Range T 55 to t125 °C Veea E
ve [7
— 150mA w @
Note 50% CTop View
¥l
us A0us
2. Temperature range- - Topr
W BLOCK DIAGRAM AND APPLICATION CIRCUIT
Line ~NC HALG636P
! NV
17k
Mono -stable

Multi

Vrer
Gy A

A Output

_I

Rio2 I Croz .
0.5 100k 0.68u F Ciog

0.01u F

Croy

—F lub

%‘ SCR
T

O f Breaker

Load

NC © No Connect
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HA16636P

® Outline of the Function

1.

Both input terminal “Vcc2” (6) and “Vin” (7) of a
differential amplifier connected the secondary coil of the
Zero-phase Current Transformer (ZCT) that detect a
leakage current. And further, “Vccl1' (1)and *Vec2"
(6)connected to each other inner this IC.

So, if the appointed current are supplied, the terminal
voltage of "Vce1” (1) could fix the constant voltage by
the zener diode.

. Sensitivity of a leakage detection can adjusted by the ex-

ternal variable resistance (R102) that connected to the

®Operating Time Chart

No Leak |

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 C102 and
the internal resistance and so, this pulse drive SCR that
connected to the output terminal. (3)

Vaer

Input Voliage from Z0T

Croz
Charge

¢ Termmal Voltage '

|

Breaker Cut Off

\

1
| bt Output Pulse widw |
[ -1

'
Cinz
Discharge
I

Qutput Voltage

B ELECTRICAL CHARACTERISTICS (Ta=25C)

A

256

® Temperature Coefficient

Item Symbol Test Conditions min typ max Unit
Operating Supply Current Range I 1.3 — 10 mA
Refference Voltage Virr lee =1.3mA, Ve=2V, V,,=0.8V 5.6 6.3 6.8 \
Tooikcrs loo =1.3mA, Voy=0.8V 245 400 - HA
Output Source Current
Loiners Ta=-20C, lec=1.3mA, Vuy=0.9V 290 500 — MA
Vi Iee =1.3mA, L =2mA — 0.1 0.2 v
Output Voltage Vi oo =3V, I, =3004A — 0.05 0.2
Vin 1o =1.3mA, No-load 3.5 — — \"
Output Pulse Width Low Ioe =1.3mA, C=0.68uF 30 55 100 ms
Vo Tal Ta= -20C, l-c=3mA* ~12 — 12 %
Temperature Characteristic Vo Tu2 Ta=70C, I--=3mA* -12 — 12 )
Voo Tu3 Tu=85C, I =3mA* -18 — 18 %
* reler o measurig circunt
B MEASURING CIRCUIT
_________ ®External Parts Constant
:_ T T 1 R101 = 25092 + 1% (Carbon Film Resistor)
] ' | R102 = Adjusted Resistance +5% (Carbon Film Resis-
1 < L |
L@ E e b mapetor)
ot j’ o o | i ama v R103 = 51002 +1% (Carbon Film Resistor)
Smusodal | R EREELL ey C101 = 0.47uF + 1% (Tantalum Electrolytic Capacitor)
Wave | R |1 C102 = 0.68uF *+ 1% (Tantalum Electrolytic Capacitor)
| Kios Croz |
| i - |
| |
L

= Vin(T?) —\:in(25 C) x 100[%]
Vin(25°C)

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

Vor (V)

SENSITIVITY VOLTAGE CHARACTERISTICS SENSITIVITY VOLTAGE CHARACTERISTICS
| T
40 10 Vin=8.5mV ]
\ (at 25C)
R g o
3 _— | me=-20c 2%
° 0 t 230
& 1 — —x—;‘;‘:’s‘a_c 27 \0\
" B
3 -2 5-2 -5 \\
40 &3 g
0 2 4 6 8 10 12 20 0 20 40 60 80 100
Sensitivity Voltage (mVgus) Ta ('C)
(at 25%C)
Tow-Ta CHARACTERISTICS OUTPUT CHARACTERISTICS
80 800
£
& 60 _ 80— Ta=—3¢
g ; b 75 Icc=1.3mA
. 40 Ice=13mA —1 £ 400 85
= C102=0.684 F ]
& (Tantalum
; N Electoro]y(ic— 200
3 Capacitor)
0 0
~20 0 20 40 60 80 100 0 1 2 3 4 5 6
Ta (C) Vo (V)
OUTPUT CHARACTERISTICS
0.10 /
Iecc=1.3mA
Ta=25C

0.05 /

0 1 2 3 4 5

Lt (mA)
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HA1T6640NT owc/mechanom

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

Controller 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 includes tripple power supply moni-
tor circuits, so can protect the Disk from abnormal writ-
ing or erasing at ON, OFF of supply voltage.

@® The delay time between write gate and erase gate timing is
generated by internal MONO MULTI Circuit, so this IC is
able to apply for many kind of FDDs and HEAD com-
ponents.

@® The function of MECHANISM CONTROL circuit
conforms to the standard FDD's interface.

@® MECHANISM CONTROL Circuit has a power save func-
tion, and at the stand-by mode in operation, power save
circuit protects the equipment from internal temperature
increasing by inhibiting the load current in external com-
ponents, and also reduces the power dissipation in IC
chip.

@® The output interface has capability of large drive current,
and internal logic circuit has low power consumption by WRITE
means of Bi-CMOS technology. Especially, in the output
interface circuit, it is not necessary to have any external
TTL ICs because of including line drivers into IC chip. WP

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

@ Signal processing and control circuit in FDD are able to
be constructed with only two ICs and some external dis-
crete devices by connecting with FDD READ IC,
HA16631P/MP. roo

(DP-42SA)

HBLOCK DIAGRAM

©) tomvoN 0
COMMON T

(©) CoMMON i

©) WRITE a
e \\IH'I k. '

DRIVER N
; ©) WRITE &

ERASE TIMER

12

WRITE

ERASE

| ERASE
DRIVER '

CONTROL COUNTER CONTROI
GATE

Ly 12V SUPPLY TIMER lzyr © iv
'I:” ) ,—-—-—(:) RACK00

GATE '

©

i
©
©

'
©

'

'

X STEP
@ STEP MOTOR MOTOR
®

'

'

'

!
©
'

I
©
©
'

HEAT: e
D e i
GATE ;
¥ fout put %?:)TFCT
l GATE '
B PIN ARRANGEMENT =
INDE.K‘ LINI)HX
PULSE | o sp (08T
I’I':RIT).[)E  lcounTer
SIDE 1 SELECT 2 DETECTION
Von2 82 L ouT P, TNDEX
COMMON 0 #3 (CATE :
COMMON 1 84 1 = x
WRITE CURRENT HL
WRITE a Vool .
WRITE b T 00 four e ©)id
ERASE HEAD LOAD GATE j
GND DIRECTION \
INDEX STEP DISK 1N OUT PUT Sox
READY STAND BY ISR @———‘——” LATCH QE:‘GATE I AL ?
TRACK 00 IN USE [ H
WRITE_PROTECT WRITE GATE
READ DATA ERASE ON DELAY
o ERASE OFF DEL : S
'% WP AY * In the WRITE CIRCUIT, power supply monitor circuits
W are included to watch the line voltage of 5V and 12V.
M ON INDEX INTERVAL When the line voltage goes down to abnormal value, the
AT IME INDEX PULSE WIDTH COMMON, WRITE, ERASE drivers are all inhibited
1 READ DATA DISK IN rapidly.
DRIVE SELECT MOTOR ON
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B ABSOLUTE MAXIMUM RATINGS (T, =25°C)

Item Symbol Ratings Unit Applicable Terminal
Supply Voltage Vop1 -0.3,+7.0 \Y Vpp1
Supply Voltage Vpp2 -0.3, +14.0 \Y Vpp2
Interface Input Voltage Ving -03to Vppy \ Note 1
Interface Input Voltage Vin2 -0.3 to Vpp2 \ Note 2
Interface Output Current loL1 50 mA Note 3
TU Terminal Output Current loL2 20 mA U
HV Terminal Output Current loL3 15 mA HV
‘MON Terminal Output Current loLa 5 mA MON
HL Terminal Output Current loH5 10 mA HL
STEP Terminal Output Current loH6 5 mA o1 92 3 p4
COMMON Drive Current (WRITE MODE) locw 100 mA COMMONO, 1
COMMON Drive Current (READ MODE) 'ocr 5 mA COMMON 0, 1
WRITE Drive Current loww 10 mA WRITE a,b
ERASE Drive Current loEw 85 mA ERASE
Input Current on the WRITE Current Set Terminal lwe 25 mA WRITE CURRENT
Power Dissipation Pp © tg%%oc) mwW
Operating Temperature Range Tor 0 to +70 °C
Storage Temperature Range Tsty -55 to +125 °c

Notes 1. Applicable Terminal: SIDE SELECT, WRITE DATA, STEP, DIRECTION, IN USE, MOTOR ON, HEAD LOAD,
STAND BY, WRIiE_GATE, DRIVE SELECT, | READ DATA
2. Applicable Terminal: T0O0, DISK IN, WP, TIX and also Terminals from MM circuit connecting with the external C,R

time constant.

3. Except for TU, HV, MON, HL, ¢1 ¢2 ¢3 ¢4.

B ELECTRICAL CHARACTERISTICS (T, =25°C)

Circuit Block Item Symbol Test Condition min | typ max | Unit
Supply Voltage Range Vbpi 4.5 5.0, 5.5 \%
Supply Voltage g 1 Voltage Range Vbb2 108120 | 132 | V
Output Voltage at v Vppa2 =12V 10.7 _ v
Selected WRITE Mode ocw Iocw=—-100mA - :
Output Voltage at v Vpp2 =12V 0.7 v
Unselected WRITE Mode ocwu Unselected B B )
COMMON =
Driver Output Voltage at y Vppe =12V N 4.7 B v
Selected READ Mode OCR IcoR = —SmA :
Output Voltage at v Vppgo =12V 0.7 v
Unselected READ Mode OCRU | Unselected - - :
Output Current Range Icom - - 100 | mA
Input Current Range on the
-] WRITE Current Set Terminal Iwe 0 - 25 | mA
= WRITE Driver output
: WRITE Current Accuracy Toww voltage = 10V 36| 4.0 44 | mA
[:: 1 wC = 1mA
<3 WRITE Current Temperature Iwc=1mA
= \];J:‘II;I;E Coefficient TClow Tv:i 0to 70°C - |2005 - |Bre
Vpp1 =3V,
WRITE Current Symmetry Alow Vppz =12V -1 - +1 %
Towg owb
Vpp1=35V,
Output Leak Current I gw Vppa =12V - - 100 HA
Vow =20V
Output Low Vpp1 =4.5V
ERASE Voltage VoLer Iog = 80mA B - 06 |V
Driver Output Leak Current ILKER Vb1 =3 SV - - 200 | uA
_ VogRr = 20V
Lower Line 12V Detection Voltage Vprviz - 8.1 - \
Voltage 5V Detection Voltage vV = 3.8 - \
Protector ¢ PRVS

G HITACHI
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HA16640NT

Circuit Block Item Test Condition Symbol min | typ max | Unit
Signal High Level Input Voltage Vpp1 =50V Vint 24 — - \'4
Interface Low Level Input _
(Note 1) Voltage VDDI =50V ViLr - - 0.8 v
High Level Input Current Vppi =5.5V
Signal - Thr - - 10 | uA
Vig =55V
Interface v 55V
Note 1 DD1 = - _ - -
( ) Low Level Input Current Vi = OV Inrr 10 nA
High Level Input Voltage Vppi1=5.0V Vius 33 - - \%
Low Level Input Voltage Vppi = 5.0V ViLs — — 1.7 \Y
Sensor v Z55V
Interface High Level Input Current bp1 : Iigs - - 10 | A
Vig = 5.5V
(Note 2) VbopI=35.5V
Low Level Input Current ViL =0V Iirs -10 - - HA
Higher Threshold Voltage Vppi =5V Voru+ix - 3.5 - v
Index Lower Threshold Voltage Vppi =5V VIH-Ix — 2.0 - \'/
i"P“‘f Hysterisis Vop1 = 5V Viys - 15 | - v
nterface =
Vppi =4.5V B
Input Current Vig = 2.6V Iyrx 50 - 80 | pA
Signal Low Level Output Vpp1 =4.5V B R
Output Voltage Iop =48mA VoL 04 v
Interface High Level Vop1 = 5.5V
Output Current Vor =55V Tonr B B 250 | uA
= Low Level Output Vppi =4.5V
1U Output _ —
5 utpu Voltage Ior, = 10mA YoLiu 05 | Vv
= High Level Vppi = 5.5V .
o Output Current Vomu =55V fonty - - 100 | A
o =
E B Low Level Output Vppr =4.5V VoLuv B 3 0.5 v
g HV Output Voltage Iorp =15mA
O P . =
= High Level Vppy =5.5V 7 B B 100 A
a Output Current Vo =13.2V OHHV K
£ =
E Low Level Output Vppi =4.5V VoLMN B B 0.4 v
3 MON Output Voltage IoL =SmA
= High Level Vpp1 = 5.5V P ~ _ 50 A
Output Current Vo =55V OHMN .
High Level VDDI =5V _ _
Output Voltage Iog = —10mA YoHHL 3.6 v
HL Output
Low Level Output Vpbp1 =5.5V 7 _20 B B A
Current Vor = 0V OLHL ®
High Level VDDI =5V
K - - A%
STEP Output Voltage Ton = —5SmA Vonstr | 3.6
Output Low Level Output Vpp1 =55V / 20 A
Current VoL =0V OoLSTP |~ - B
Cex = 0.033uF
ERASE ERASE ON DELAY Rex = 33k tEN 0.44 | 0.52 | 0.60 | ms
Timer Cex = 0.069uF
ERASE OFF DELAY Rex = 33k tgF 0.91 | 1.07 1.23 | ms
Index Output Pulse Cex = 0.033uF
INDEX, Width Rex = 220k tixw 2.61 | 3.08 | 3.55 | ms
READY Index Detection Cex = 0.22uF 42.1
Circuit Period Rex = 390k fixr 311 | 36.6 ) ms
12V Hold Hold Period Cex = 2.3uF ’
. 55 | 639 ]
Timer at 12V Rex = 56k fHv 4113 m
Vpp1 = 5.5V, .
Supply Current 1 Vppg =13.2V Ippi - - 65 | mA
Dissipation No Load
Current Vpp1=5.5V,
Supply Current 2 Vppg =13.2V Ipp2 - - 10 | mA
No Load
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[l PIN DESCRIPTION

Symbol Name Description
COM 0 Common Output terminal of Common Driver (SIDE 0). During the Head Select signal is selecting SIDE 0, a
Driver 0 common voltage appears on this terminal. The voltage value at WRITE Mode and that READ Mode
are shown in the Electrical Characteristics. This terminal supplies a current which equals to write
current + erase current. When the SIDE 0 is unselected, a common voltage doesn’t appear, and this
terminal is pulled down to ground by a internal resistor with high resistance.
COM 1 Common Output terminal of Common Driver. (SIDE 1).
Driver 1 The function is as same as that of SIDE 0.
SIDE Side Input terminal for Head Select signal.
SELECT Select This signal selects the SIDE 0 or SIDE 1 of the common driver.
WRITE Write Driver | Output terminal of Write Driver. L
a, b a, b The current multiplied by 4 with the determined current at the WRITE CURRENT terminal is sinked.
WRITE a and WRITE b turn on alternately according to the Write Data “1” or “0”.
ERASE Erase Driver | Output terminal of Erase Driver.
The drive transistor turns on during the period of Erase Gate signal keeping low, and the Erase Gate
timing is generated by write Gate signal in IC circuit.
This terminal has open collector NPN transistor, and erase current must be determined by an external
resistor.
WRITE Write The terminal to determine the Write Current.
CURRENT Current The Write current is determined with connecting an external resistor to +5V supply.
The Write Current on the WRITE a, b terminals is multiplied by 4 with the current on the WRITE
CURRENT terminal, as follow equation.
.38
I =——— x4 (mA
OWW = X (mA)
where, Ioww: WRITE CURRENT on the WRITE a, b terminals.
Rex: External pull up resistor on the WRITE CURRENT terminal, and use the value in kQ
unit.
WRITE Write Data | Write Data input terminal.
DATA Input The signal is devided through the F/F circuit in IC, and drives the Write Driver.
WRITE Write Gate Input terminal for Write Gate signal.
GATE The write gate is enable at input Low, and allows data writing.
Erase Gate signal is generated with the determined delay from the negative and positive edge of Write
Gate signal, and drives an erase driver.
WP Write Input terminal for the detected write protect signal from the Disk.
Protect Common, Write, Erase drivers are all inhibited at input low, and WRITE PROTECT driver turns ON.
Input
ERASE ON Erase ON Terminal for connecting the external time contact Cex, Rex of internal Mono Multi circuit to deter-
DELAY Timer mine the delay time between the both negative edge of write Gate and Erase Gate signal.
It is necessary to determine the delay time for the fittest value according to the kind of FDD and
HEAD component.
ERASE OFF Erase OFF As same as above, but the delay time is determined between the both positive edge of Write Gate signal
DELAY Timer and Erase Gate signal.
STEP Step Signal Terminal for step pulse input to drive the stepping motor to seek tracks.
Input With each one step pulse input, the driver outputs|®, , @,, ¢, , ¢, 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.
[N 4 Phase Output terminals to drive the stepping motor coil. With each step pulse input, outputs change with
. Stepper the direction determined by Direction signal.
Drive Output driver has emitter follower construction, but the driver cannot drive the stepping motor coil
Output directly.
It is necessary to have external driver devices such as discrete transistors.
HV Voltage Timer output terminal to drive an external transistors which switches supply voltage 12V to SV each
Change other for stepping motor coil.
Timer With each step pulse input or each head load execution, the output turns ON during the determined
period.
It is enable to switch supply voltage 12V to 5V alternately and to supply 12V for the stepping motor
coil during the period of Low level on this terminal.
HV TIME HV Timer Terminal for connecting the external time constant of internal Mono Multi circuit to determine the
period of keeping the HV output Low level.
WRITE Write Pro- When the input level of WP turns Low and the drive select is executed, this output turns ON.
PROTECT tect Qutput

(to be continued)
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Symbol Name Description
TO0O Track 00 Input terminal for 00 track detection.
Input High level input makes the 00 track detection.
TRACK 00 Track 00 Output terminal for 00 track detection.
Output When the input level of TOO is High, and the both output ¢, , ¢, are High, this output turns ON.
X Index Input | Input terminal for the detected Index hole signal from the DISK.
Input Low shows the hole detection.
INDEX Index Output for the Index pulse. o
Qutput With each input of the detected Index pulse at the IX terminal, the width formed pulse appears on this
terminal as a Index pulse.
INDEX Index Pulse | Terminal for connecting the external time constant of the internal Mono Multi circuit to determine the
PULSE Width Set output pulse width on INDEX.
WIDTH It is enable to adjust the pulse width independently to the diameter of the DISK hole.
READY Ready Output of the Ready signal.
Output When the disk revolution gets to the normal, after counting three index pulses, the output on this
terminal turns ON, and shows FDD has gone into READY state.

If the revolution goes down under the normal value, the output turns OFF rapidly and shows NOT
READY state.

And also the output shows High level continuously when Drive unit is not selected.

INDEX Index Terminal for connecting the external time constant of the internal Mono Multi circuit to determine
INTERVAL Interval the reference index period corresponding to the standard revolution number of the DISK.
In case of the FDD equipment having another revolution number, it is easier to adjust reference period
by changing the time constant.
DRIVE Drive Input terminal for Drive select signal. o
SELECT Select Input low makes the selected operation, and Write function, output interface, IU output are all enable.
Input
STAND BY Stand by “Input terminal for Power Save Signal to reduce the power consumption in FDD equipment and LSL
Input Input high inhibits all output terminals in Write and Mechanism control circuit except common driver,
so power consumption in external circuit is reduced and this LSI makes itself into sleep mode.
At the same time, common driver turns the READ mode.
HEAD Head Load Input terminal for Head Load signal.
LOAD When READY is low and operation is under the not stand-by mode, head load is enable at the input
low.
HL Head Load Terminal for Head Load output.
Output Circuit has a emitter follower construction.
But this terminal cannot drive the coil of head load solenoid directly.
. It is necessary to have an external drivirig transistor.
IN USE In Use Input terminal for IN USE signal.
Input When the DISK is charged and the DRIVE equipment is selected, and also the operation is under the
not stand-by mode, IU output is enable with the input low.
U In Use In Use Output.
Output Circuit has a open collector NPN transistor, and can drive LED directly.
I READ Read Data Input terminal for Read Data from READ circuit such as HA16631P/MP. When both DRIVE SELECT
DATA Input and STAND BY are Low, inverted read data pulses appear on the READ DATA terminal.
READ Read Data Output terminal for Read Data.
DATA Output Circuit has an open collector driver, and negative data pulses appear on this terminal.
DISK IN Disk in Input terminal for Disk charge detection signal.
Input Input High shows the charged state. When the charged Disk is detected, MON output turns ON and the
motor starts, and also IU output turns ON too.

“This function does not depend on the input level of MOTOR ON and IN USE. When the Disk revolu-
tion gets to normal state, after counting eight Index pulses, both MON and IU outputs turns OFF, so
the motor stops and IN USE LED turns OFF.

After this operation, both MON and IU outputs depend on the input level of MOTOR ON and IN USE.
If the Disk is discharged, the motor stops and IU output is inhibited rapidly.

MOTOR ON Motor On Input terminal for the motor ON, OFF, control signal. MON is enable at the input Low.
Under the condition of the charged Disk and not-stand by, MON output turns ON with the MOTOR ON
input Low.
MON Motor On Output terminal for the motor ON, OFF, control signal.
Output Circuit has an open collector NPN driving transistor.
Output Low makes the motor ON and High makes OFF.
Also this terminal is able to connect to the motor control IC, such as HA13431 and HA13432/MP.
VDD1 5V Power 5V Power Supply.
Supply
VDD2 12V Power 12V Power Supply.
Supply
GND Ground System ground
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B EXAMPLE OF APPLICATION CIRCUIT
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HA16642MP HA16642NT ®fsurite functions

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

B FEATURES

Read Amplifier has a differential voltage gain of 200 typ.,
which is avairable to adjust by gain select terminal.

READ Circuit can be applied for the signal amplitude of
0.5mVpp to 10mVpp which is read out from HEAD
COIL, so that this IC has superior capability to apply for
a FDD less than 5 inches.

In the read circuit, the peak shift is less than 1% for the
signal amplitude, 0.5mVpp to 10mVpp, at the Amp
input.

In the WRITE circuit, the COMMON DRIVER, the
WRITE DRIVER, and the ERASE DRIVER can provide a
large current capability, so that can be applied to various
kinds of FDD's.

Write current can be established at any value according to
the external resistor. The write current is independent of
the supply voltage drift and temperature drift, with the
built-in stabilizing circuit.

This IC provides a function to reduce the write current at
the inner track on the disk with a external switching
signal. The reduce ratio of the write current can be
established at any value with the external resistor.

The WRITE GATE signal and the ERASE GATE signal
can be applied independently each other.

A dual-mode supply voltage monitor circuit is built-in, to
inhibit a miss writing and a miss erasing at the power
supply timing, ON and OFF, and the abnormal supply
voltage.

READ and WRITE functions are integrated in one chip,
resulting in broad reduction of external components.

B PIN ARRANGEMENT
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B BLOCK DIAGRAM AND APPLICATION CIRCUIT
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;- Integrated Blocks

. To determine a bias current for read mode
. To determine the increase ratio of a write current at the inner track.
. To determine a write current at the outer track.

(Write current at the inner track is a summation of the currents determined by Rin and R respectively.:

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Ratings Unit Applicable Terminal
Supply Voltage Vee 7.0 A% Veer
Supply Voltage Veer 16.0 \ Vies S
Input Voltage Vix 0.2t '7.0 v AMP IN
Differential Input Voltage Viva 0to +5.0 v AMP IN
Output Voltage Vo 0.2 to 7.0 v RD DATA OUT
Common Drive Current Icon 150 mA COM 0, COM 1 A
Write Drive Current Twr 15 mA WT IK’VT‘Z
Erase Drive Current Ik 120 - mA EO
Power Dissipation Pr 800 mW Veer, Veee \«;:.:,_m
Operating Temperature Range Top 0to +70 &
Storage Temperature Range Tae =55 to t125 «
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BELECTRICAL CHARACTERISTICS (Ta=25TC)

Circuit Block Item Symbol Test Condition min typ max Unit
Vii 4.5 5.0 5.5 \
Supply Voltage Range
Veer, 10.5 12.0 | 13.5 \Y%
Differential Voltage Gain Avn J 250kHz, Vi =5mVrms 200 A"
. Input Bias Current I 15 A
Pre Amp. -
Common Mode Input Voltage Range Veu 2.0 2.7 3.4 \%
Output Harmonic Distortion THD f 1kHz, V.. - 10mVpp 5 %
Peak Detector | Peak Shift PS /- 250kHz, Viw 0.5 to 10mVpp 2.5 “,
’ Vou Vi =475V, Jon = — 4001 A 2.7 \
Output Voltage R S R - S
Vou Vi =4.75V, Jor - 4mA \%
Rising Time tria Vie =5V, Vi =0.4 t0 2.7V 30 ns
st Duts | Fllg Time L Y T N B2 S A
Processor tan /- 125kH; 1.3 4
Timing Range #1 — R S s
f--250kHz 1.3 2
[ 125kHz 0.15 1.5
Timing Range #2 t2an e — e e B us
[ 250kHz 0.15 0.75
Output Voltage at selected Write Mode Vicews Veer <12V Icow - 120mA 11 \Y
Output Voltage at unselected Write Mode Vivewrs Veer =712V, at unselected 0.7 \
gowmon Output Voltage at selected Read Mode Vicws Veer 12V, Icow = 1mA 2.7 \Y
river S SN D R Lo
Output Voltage at unselected Read Mode Viesrs Veeo 12V, at unselected 0.75 \
Output Current Range Ieoy 150 mA
— R SR (S B I — o
Output Low Voltage Vorr Vi -5V, Ior. 100mA 0.5 \Y
Erase Driver Output Leak Current Tour: Vo 12V, Vie 5V 100 A
Erase Current Range Ik 120 mA
Write Current Accuracy Acn Vg -5V, Veez 12V -7 +7 “r
Write Current-Supply Voltage Sensitivity Psm Vi =5V, Veer 10.8t013.2V +1.5 Y%
Write Current-Temperature Coefficient Tem Voe=5V,Vee2=12V,Ta=0to+70C +0.05 o
Write Driver
Write Current Symmetry Olwr Vi =5V, Veer =12V, Iwri - Itz -1 +1 “0
Write Current Range TIvr Ve =5V, Veer <12V 1 10 mA
Leak Current at Off Driver Tohurt Viu =5V, Veea =12V, Var =20V 50 A
Supply Voltage Detection Voltage for 5V Supply Virox Veeer =12V 3.5 3.9 4.3 A%
Monitor Detection Voltage for 12V Supply Vyoxz Via -5V 8.0 9.0 9.8 A%
Logic Input Input High Voltage Vin Vi -5V 2.0 \Y
Gate Input Low Voltage Vi WG, EG 0.8 \
Schmitt Type Input High Voltage Vius Vii ~5V 2.0 \4
Logic Input Gate Input Low Voltage Viis HS., WD 0.5 \
Read 25 40
12V Supply Icc Vee =13.5V - mA
Dissipation Write 16
Current Read 36| 60
5V Supply I Vi =5.5V mA
Write 33 -
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® PIN DESCRIPTION

Symbol Name Description

AMP IN Pre Amp Input | Terminal for differential input of pre amplifier in read circuit. A signal voltage picked up
through R/W coil is applied.

OD Gain Select Terminal for DC offset compensation of pre amp, and for gain selection. The amp gain
is z{vailable to be changed by connecting a resistor to the compensation capacitor in
series.

AMP OUT Pre Amp Output| Terminal for differential output of the pre amp in read circuit. A low pass filter is
connected between the input terminal of differentiator and this terminal.

DIFF IN Differentiator Input terminal of differentiator in read circuit.

Input Output voltage from the pre amp is applied to this terminal through the low pass filter.

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

Coupling series, as shown in the block diagram.

DIFF OUT Differentiator Output terminal of the differentiator. The differentiated signal is appeared on this

Output terminal with the phase shifted by 90°. The output is coupled through the capacitor and
is applied to the comparator input.

COMP IN Comparator Input terminal of the comparator in read circuit.

Input A signal with the phase shifted by 90° through the differentiator is applied, and the zero-
crossing point is detected. This terminal is pulled up to the bias source by the external
resistor.

MM1 Mono Multi 1 A capacitor and a resistor are connected to these terminals. The capacitance and the
resistance determine the output pulse width of the Pre Mono Multi Vibrator in the Time
Domain Filter Circuit.

MM2 Mono Multi 2 A capacitor and a resistor are connected these terminals. The capacitance and the
resistance determine the output pulse width of the Post Mono Multi Vibrator in the Time
Domain Filter Circuit.

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

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 0 Common Output terminal of Common Driver (SIDE 0).

Driver 0 During the Head Select signal is selecting SIDE 0, a common voltage is appeared on this
terminal. The voltage value at Write Mode and that at Read Mode are shown in the
Electrical Characteristics.

A current which equals to Write Current + Erase Current flows out from this terminal.
When the SIDE 0 is unselected, a common voltage is not appeared, and this terminal is
pulled down to ground by a high resistance in the IC.

COM 1 Common Output terminal of Common Driver (SIDE 1). The function is as same as that of COM

Driver 1 0.

HS Head Select Input terminal for Head Select signal. This signal selects the SIDE 0 or SIDE 1 of the
common driver. This terminal is consisted of Schmitt type input circuits. Input Low
selects COM 1.

R/W SW R/W Switch A transistor output for switching the bias state in head coil and in diode SW circuit,
according to READ/WRITE switching. This terminal is pulled down to ground level in
READ Mode, and it is pulled up to 12V in WRITE Mode. )

WSO WRITE Output from regulated supply source in Write Current Setting Circuit.

Regulated

Voltage

Output

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

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

SWS Difference Terminal to set the current difference (Iwpp) between high level write current and low

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

IwDF = (High Level Write Current — Low Level Write Current)
IwH = IwL + IwDF .
Where; Iwy is high level write current, and Iy is low level write current.
Iwy-to-Iwy, current ratio is;
Iwh/lwy = 1 + Iwpfp/lwL
It can be set at any value by Ryg and Ry1.

ITS Current Switch | Input terminal for Write Current SW signal at inner & outer tracks. High Level Write

Signal Input Current is selected at input Low, and Low Level Write Current at input High.

WD Write Data Write Data Input Terminal.

Input The signal is devided through the F/F circuit in the IC, and drives the Write Driver.

(to be continued)
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Symbol Name Description
WT1,2 Write Driver Output terminal of Write Driver. The current determined by external resistors at terminal
1, SWS and terminal MWS is sinked. WT 1 and WT 2 turns on alternately, according to

the Write Data ‘1" or “0”".

WG Write Gate Input terminal for Write Gate signal.
The write gate is enable at input Low, and allows data writing.

EG Erase Gate Input terminal for Erase Gate signal.
The erase gate is enable at input Low, and allows erasing.

EO Erase Driver Output terminal of Erase Driver. It turns on at erase gate input LOW. The output on
this terminal is an open collector output of NPN transistor, and the erase current is
determined by external resistor Ry 9.

PSM Power Supply The monitor circuit monitors the VGG (+5V) and Vg (+12V), and will inhibit the

Monitor common driver, the write driver and the erase driver when the supply voltage becomes

abnormally low, and the FLAG signal will appear on this terminal PSM. The Driver
Inhibit is released only when both VGG and V) are more that the specified voltages,
regardless of the supply sequence.

Vel Amp Voltage Voltage for Pre Amp in read circuit.

Vee? Voltage for 12V | Another Voltage (Excepting for Pre Amp.)

VGG Voltage for 5V

GND 1 Amp GND GND for Pre Amp read circuit.

GND 2 GND for read circuit. (Excepting for Pre Amp.)

GND 3 GND for write circuit.
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H A1 6 6 43 M P ®Mechanism Controller for Floppy Disk Drive

The HA16643MP is a monilithic mechanism control LSl for
the floppy disk d_rive. It is designed to control the mecha-
nism of FDD according to the input signals.

FEATURES

Conform to FDD standard interface.

Functional blocks are composed of CMOS logics.

Bipolar line drivers equivalent to 7438 included.

No external TTL IC.

Input circuit is composed of the comparator with
hysteresis.

Oscillation circuit included for system clock, only re-
quired external ceramic resonator.

High accurate internal timers by the clock count.

Small outline package enables easy to design the PCB of
FDD compactly.

With the combination of our other FDD IC line-up, i.e.
HA16642 (R/W) HA13421A (Stepper Driver), HA13431,
432 (Spindle motor control + driver) the PCB of FDD
composed by only four IC's.

HBLOCK DIAGRAM
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HPIN ARRANGEMENT
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Power supply for Bipolar circuits
Power supply for C-MOS circuits

GNDx --Ground for Bipolar circuits
GNDpr+---Ground for high current output drivers
GNDz-+-Ground for C-MOS circuits

: Hysteresis Comparator

: Schmitt Trigger Inverter

(Equivalent to 7414)

: Input Inverter

(Equivalent to 7400)

.+ 3-mode select Switch

B Nop-inverled Input

Circuit

: Output Line Driver

(Equivalent to 7438)

: Output Driver Circuit

(Equivalent to 7400)
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B ABSOLUTE MAXIMUM RATINGS (7.=25°C)

Item Symbol Maximum Ratings Unit Note
Supply Voltage Vee 7 \%
Input Voltage Vin 5.5 \% 1
Output Voltage Vout1 7 \Y% 2
Output Voltage Voutz 7 A% 3
Output Current Lounn 50 mA 4
Output Current Touz 30 mA 5
Output Current Lows 5 mA 6
Output Current Louta —40 mA 7
Input Voltage Vin os Voo \Y% 8
Output Voltage Vour os Voo \' 9
Input Voltage Vin pL Vo \% 10
Power Dissipation Pc 720 mW 11
Operating Temperature Topr 0 to+70 °C
Storage Temperature Tote —55to +125 C
Maximum Operating Junction Temperature Tiopr 135 °C 11
Notes) 1. Specmudmm value for the terminals such as schmitt gate input, input circuit equivalent to 7400 and MSL, TST input.
(- -DDP, - TZP, + WPP)
( I +0O. 1 RDL -~ WNI, ~DSI, ~HLIL -~WTG, ~MON, --1US)
2. Specification value for the output terminals when the open collector transistor turns off.
(- IDX. RDY. ~FSW, --TKZ, - RSO. -WNO, - WPO, -INL)
3. Specification value for the terminals below at the high level condition.
4. Specification \alue for the terminals below when the open collector transistor turns on.
(~IDS, - RDY. -~ TKZ. ~RDO, - WNO, - WPO, ~INL)
5. Specification \alue for the FSW terminal when the open collector output gate turns on.
6. Specification value for the same terminals as Note.3 at the output low level.
7. Specifi on value for the same terminals as Note.3 at the output high level.
8. Specif on value for the input terminal OS2.
9. Specif on value for the output terminal OS] at the high level.
10. Specification value for the input terminals with pull up resistances. The absolute value of the maximum ratings is 5.5V.
{ SUB. SIS, - RST)
11. Power dissipation of mini-square package changes with the mounted condition, the kind of PCB and the pattern density|on the PCB.
So please use according to the derating curve and the thermal resistance data below.
240 <
\
r \
_ \
: 200 N 40mm Circuit Board
N - 5
B %)
Lot
R o
7 r ASp, . d ~N
s 120pb—1Ay
E \ _ . <
£ | ?QQ\Q S ~ 0.8t Ceramic or
- N 1.5t epoxy
w0 | DIP1 e —
a““~‘" frame @ @ @ @ glass epoxy with 10% metallization density
0.5 2 10 20 @ glass epoxy with 30% metallization density
0o,
Fffective Circuit Board Heat Conductivity (W /mC) @96% almina ceramic circuit board
B ELECTRICAL CHARACTERISTICS (7.=25'C unless otherwise specified)
- . .. | Applicable
min | t max | Unit B Note
Item Symbol Test Condition yp U Terminal
Operating Supply Voltage Vee—op 45| 50| 55 V | Veer, Vece
Input Threshold Voltage Vrems Vopp=5V - 1.8 -V
Input Threshold Voltage Vrem- Vopp=5V — 1.7 —| V | +IXP, ~DDP
Hysteresis Vicus = Vren- | Vopp=5V -1 01 —| Vv |-TZP, +WPP
Comparator Input Current Lincm Vonp=5.5V, Vin=4.0V - 0.6 10| A
Comparator Input Current e Vopg=5.5V — - 1| «A
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Item Symbol Test Condition min | typ | max | Unit | GPPICAPIE o
“H” Level Input Voltage Viure 2.0 - - \Y%
“L” Level Input Voltage ViLre — - 08| V T
"H" Level Input Current I Voos=5.5V  ViL=2.4V 103 —|ma | SUB
“L” Level Input Current liLre Voos=55V  ViL=04V | -16| 09| —|mA T
Input Threshold Voltage Vrsr+ Vopp=5V - 170 20| V 1
Input Threshold Voltage Vrsr- Vopp=5V 06| 09 ~| V |See 1
“H” Level Input Current st Voo=5.5V  Viu=2.4V - - 40| A | Note 2 1
“L” Level Input Current (1) IiLsta Vops=55V  ViL=04V —1]-0.2 -~ |mA 1
“H” Level Input Current (2) Iinst2 Vops=55V  Vig=2.4V -1 - — | mA
“H” Level Input Current (3) Iinsts Vops=5.5V  Viu= Vops —50 —| +50| LA :%ﬂg% :
“L” Level Input Current (2) IiLst2 Vopg=5.5V  ViL.=0.4V -1 — — | mA
“H"” Level Input Voltage Vine 2.0 - - \Y%
“L” Level Input Voltage ViLe — — 0.8 \% 4 RDI :
“H” Level Input Current Iineh Vop=5.5V  Vin=2.4V — — | 400 | A
“L” Level Input Current IiLeh Vops=5.5V —16|—04 — | mA T
Input Current (1) I Vops=5.5V Vi =55V -1 02 1| mA MSL L
Input Current (2) 12 Vopr=5.5V =0V -1|-0.2 — | mA
Oxcillator Input Current Tiosc Vopm=5.5V =3.0V - 10| A | OS2
. Vopu=4.5V to 5.5V, 0S1
Oscillator Frequency fosc Oscillator: CSA4.00MG, 38| 4.0| 4.2 MHz| o) 1
Cc=100pF, R/ =1MQ S2
“"H” Level Output Voltage (1) Vouic }/Jg)iiigSXA Output =High 2.4 - \% 2
“H"” Level Output Voltage (2) Vouic2 I‘Z'L”f :383; Output =High 2.1 - \% iﬁie 2 2
“L” Level Output Voltage Voric le’ig:]gv Output =Low - - 04 V 2
“L” Level Output Voltage VoLsa 1‘(/3 Dﬁ;OA:I?X Output =ON, - - 04| V See #id
H' Level Output Current Tonse 1‘5'0,2”_?55%/‘/' Output =OFF, - = 250 | pA Note 3 3
RDO Output Delay Time tua Voou=-52Y, for=43mA. -1 =] 10| |RDO 5
Vops=5.5V  For Input/
Quiescent Current Icca Output Signal level, - - 85| mA | Voo 4
see Note 5
Quiescent Current Icce V’"}?‘_ 45 5;; IC operation - =] 40|mA | Veex 4
Notes) 1. Specification values for the terminals below.
—=STP, ~1/+0, —WNI, —DSI, —HLI, —=WTG, —MON, -IUS
2. Specified values for the following terminals.
—SPS, =DMO, +CSW, —SD2, +SD2, —SD1, +SD1, —HLM, —WSW, —-ESW, -HIS
3. Values apply to the following terminals;
—IDX, —RDY, —TKZ, —RDO, —WNO, —WPO, —~FSW, —INL.
4. Current specification values for the following Input/Output signal states.
Input Signal Input Signal Output Signal Output Signal
Terminal Level Terminal Level Terminal Level Terminal Level
+IXP “L” —DSI “L” —IDX “H” —HLM “"H”
—DDP “L” -WTG “L” —RDY “H” —RDO “LTH
—SUB “L” MSL Open —SPS “H” ~WNO “Lrt
—STP “L” —SIS “L” —FSW “H” ~WPO “Lr
-I/+0 “L” —MON “L” +CSW L2 —WSW “H”
—TZP “L” —IUS “L” +SD1 "L —ESW “H”
—HLI “L” —RST “H” —SD1 “H” —HI1S B
+RDI “H” +TST “L” +SD2 “Lre2 —DMO B
—WNI “L” —SD2 “H” —INL “LrHl
+WPP “H” ~TKZ “Lrt
*1: Jor=50mA
*2: Jor.=5mA
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BTEST CIRCUIT /
Vee
Ceramic Oscillator @
Cer [0 ‘ 0) 0S2
30~100pF J-/
n R
CSA4.00MG =2 1MQ 10% HA16643MP
Ca [ 0) 0s1
30~100pF
v (o)
™ ©
. GND

Note. 5. Read Data Input (+ RDI) and Read Data Output ( - RDO) waveforms are as follows.

EPIN DESCRIPTION

Symbol Pin No. Name Description

+IXP 30 Index Photo Input Input terminal for the detected Index signal from the disk.
Input “High” shows the Index detection.

—DDP 31 Disk Detect Photo Input Input terminal for signal from the sensor which detect the
diskchange Input “Low” shows the charged state.

When the charged disk is detected, —DMO output turns
“Low” during —MON input is keeping “Low".

If the disk is discharged (—DDP input “High”), —DMO
output turns off rapidly.

—SUB 29 Sub Step Control Input Input terminal for the signal which selects Sub Step Pulse
mode. When this input is “Low”, sub step pulse is added
and when input is “High”, sub step pulse is not added.
Normally sub step pulse is added after 3.072ms from
each external step pulse in the sub step pulse mode.

At this terminal a resistor is pulles up to the power
supply line.

—STP 40 Step Signal Input Input terminal for step signal which is sent by FDC.
‘Which each one step pulse input, the driver output +SD1,
+SD2, —SD1, —SD2 change to turn on

sequentially.

-1/0 39 Direction Input (Inner or Outer) Input terminal for Direction signal to determine the
direction of stepping motor revolution.

Output drivers change with the Inner Direction sequence
of +SD1, +SD2, —SD1, —SD2 at the input “Low”, and
with the Outer Direction sequence of +SD1, —SD2, —SDI,
+SD2 at the input “High”.

-TZP 32 Track Zero Photo Input Input terminal for 00 track detection signal.
Low level input makes the 00 track detection.

(to be continued)
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Symbol

Pin No.

Name

Description

+RDI

24

Read Data Input

Input terminal for Read Data from Read circuit.

When —DSI (Drive Select Input) is “Low” and —WTG
(Write Gate Input) is “High”, inverted read data pulse
stream appears on the —RDO terminal.

—WNI

25

Window Signal Input

Input terminal for Window signal from VFO.

When —DSI is “Low” and —WTG is “High”, this signal
appears on the —WNO terminal through internal

gates.

+WPP

26

Write Protect Photo Input

Input terminal for the detected Write Protect signal
from the disk. —WTG signal is inhibited at this input
“High” and —WPO output turns ON.

—SDI

Drive Select Input

Input terminal for Drive Select signal.
Input “Low” makes the selected operation, and Write
function and Output interface are all enable.

—HLI

28

Head Load Input

Input terminal for Head Load signal from FDC.

When the spindle motor revolution goes to the normal,
Head Load is enable at the input “Low”.

This signal “High” inhibits —WTG signal.

-WTG

41

Write Gate Input

Input terminal for Write Gate signal.

The write driver is enable at input “Low”, and allows
data writing.

Erase Gate signal is generated with the determined delay
from the negative and positive edge of Write Gate signal.
For example, this delay from the negative edge of Write
Gate signal is 300us and from the positive edge of Write
Gate signal is 864us at 3.5 inches mode (MSL input is
open).

~MSL

35

Mode Select Input

Input terminal for the signal which selects the kind of
delay of Erase Gate signal and the reference period of
Disk revolution.

Input “High” selects 8 inches mode, "Low” 5 inches mode
and input Open 3.5 inches mode.

—SIS

42

Side Select Input

Input terminal for Head Select signal.
This signal selects SIDE 0 or SIDE 1 in the double side FDD.
This terminal is pulled up internally.

—MON

43

Motor On Input

Input terminal for Spindle Motor ON/OFF Control signal.
Motor ON is enable at the input “Low”.

Under the condition of the charged disk (—DDP is “Low”),
this signal is enable.

-1US

44

Use LED Input

Input terminal for In Use signal.
—INL output turns ON at the input “Low”.

—RST

27

Power On Reset Input

Input terminal for Power ON Reset signal.

This signal initializes all counters and Flip Flop circuits
in the IC.

This terminal is pulled up internally.

+TST

38

. Test Mode Select

Test mode select pin.

| Input “High” selects test mode.

Normal operation is made with this input keeping “Low”.

(to be continued)

@ HITACHI 273



HA16643MP

Symbol

Pin No.

Name

Description

—IDX

Index Output

Output terminal for Index pulse.

This output is enable when the disk revolution reaches the
normal state, and —MON, —DSI, and —DDP inputs are
all “Low”.

—RDY

Ready Output

Output terminal for Ready signal.

Under the condition of —MON, —DSI and —DDP inputs
“Low”, when the disk revolution reaches the normal state
(154ms~238ms Index period), the output on this terminal
turns “Low” after counting two Index pulses, and indicates
the FDD has gone into Ready state.

—SPS

18

Stepper Power Supply Output

Timer Output terminal to drive an external transistor
switching supply voltage between +12V and +5V each
other for stepping motor coil.

With each step pulse input, the output turns ON during
normally 32.768ms.

It is enable to switch supply voltage +12V to +5V
alternately and to supply +12V for the stepping motor coil
during the period of Low level on this terminal.

- FSW

19

Filter Switch Output

Output terminal for Switch signal to switch the cut-off
frequency of filter of Read Circuit.

This signal is generated by preset data of track
position.

+CSW

20

Current Switch

Output terminal for Write Current Switch signal.
This signal is reversed against —FSW signal.

-TKZ

Track Zero Output

Output terminal for detected 00 Track signal.

When the input level of —TZP is low and both outputs +SD1
and +SD?2 are low, this output turns ON, and indicates the
head is on the 00 track position.

-RDO

Read Data Output

Output terminal for Read Data.
Circuit has an open collector driver, and negative data pulse
appears on this terminal.

+SD1
—SD1
+SD2
—SD2

15
14
17

4-phase Stepper

Output terminals to drive the stepping motor coil.

With each step pulse input, outputs change with the direction
determained by Direction signal (—1/0).

In sub step pulse mode, with each external step pulse and
each sub step pulse, outputs change.

Output drivers have no capability to drive stepping motor
coil directly. It is necessary to have external driver devices
such as discrete transistors.

—WNO

Window Signal Output

Output terminal for Window signal connected to FDC.
When —DSI is “Low” and —WTG is “High”, Window
signal appears on this terminal.

-WPO

Write Protect Output

Qutput terminal for Write Protect signal.
When the input level of + WPP is high and the drive select
is executed, this output turns ON.

—HLM

Head Load Magnet Output

Output terminal for Head Load signal.

Output Driver cannot drive the coil of Head Load Magnet
directly.

It is necessary to have an external driving transistor.

—WSW

23

Write Switch Output

Output terminal for Write Gate signal to control Write
circuit.

274

(to be continued)
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Symbol Pin No. Name Description
—ESW 22 Erase Switch Output Output terminal for Erase Gate signal to control Erase
Driver.
—HIS 21 Head 1 Select Output Output terminal for Head Select signal connected to Read/

Write circuit. When output on this terminal is “Low”,
SIDE 1 of the head is selected.

-~DMO 11 Spindle Motor On Output terminal for Spindle Motor ON/OFF Control signal.
Output “Low” makes the motor ON and “High” makes
OFF. This terminal cannot drive the spindle motor directly.
When —MON input turns “High” from “Low”, —DMO
turns “High” after 10.5sec.

—INL 7 In Use LED Output Output terminal for In Use signal. Output circuit has an open
collector NPN transistor, and can drive LED directly.

—0S1 36 Oscillator Input 1 Connection terminal for an external ceramic oscillator
component.

-08S2 37 Oscillator Input 2

Veer 34 Bipolar Vec Power supply for Bipolar circuits.

Veee 9 C-MOS Vee Power supply for C-MOS circuits.

GND1 33 Bipolar Gnd Ground for Bipolar circuits.

GND P 12 Power Gnd Ground for high current output drivers.

GND 2 10 C-MOS Gnd Ground for C-MOS circuits.

- TIMING SPECIFICATIONS

Timing Name Internal(gloi:)k Period Timing Spec
R 3.5, 5 163ms«<>227ms

Normal Index Period Bound - 1ms

8 131ms+<195ms
External Step Pulse—sub Step Pulse Period 128us 3.07ms
Step Energizing Timer 2ms 32.8ms

3.5 300us
:Pre Erase Timer 5.25" dus 428us

8 228us

35 864us
Post Erase Timer 5.25" dus 948us

8 568us
Motor Off Timer 2ms 1.05s

Notes) 1. Above condition is fosc=4MHz.
2. Timing accuracy.
Above timing spec have an error that maximum value is equal the internal clock period.
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B TIMING CHART
1. INDEX Period Detection

Case of
Case of revolution increasing Case of revolution decreasing over revolution
~

i (

n )]
—RST
~DDP l

Il AL

N "
~Ixp i t i 4 s ts 1

i {(
T L)

R0y | y ,—SS-————J |

U Uy “

(154ms<t2, t3¢238ms<11) (154ms<4<238ms<ts) (t7¢154ms<t6<238ms)

When Index period becomes the value between —RDY turns "H” immediately if —RDY turns "H” immediately if
154ms~238ms, —RDY output turns "L" after Index period becomes more than Index period becomes less than
counting 2 Index pulses with the “L" —DDP 238ms. 154ms.

input.

Detects the revolution of spindle if the revolution is within an allowable tolerance or not enable Read/Write
operation, and generates READY signal. This function is inhibited when disk is discharged (equivalent to —DDP
).

NOTE. Condition of above timing values is Osc. frequency fosc=4MHz+5%.
2. Auto Recalibration

Case that head is
Case that head is on Track "4° on Track '1°

Head 5|4|3 2|1|o 1[0
Position

| T
J/
A
A

W7 LT L

+SD2

-/ | | /

e/ L/ L

(2.43ms < 153.23ms)

Initialize an internal track counter and a stepper counter by automatically
returning the head to Track 00 position at the rising of power supply.
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3. Track Counter, Stepper Counter

e o o e o Lo e e [ Tofel = T [
o B e T
~1/+0 . ; J m

e (-
A~ " " i L
"\ L1 ﬁﬁ_r_‘s T
o 2\ [ L L

= 7 [ PR R S
o 7 I W . A
o T ; | d L,

Track Counter stores the present track position of the head, —FSW(Filter switch) or +CSW(Write Current
Switch) output is generated according to the stored position data. Stepper Counter generates +SD1, +SD2,
—SD1 and —SD2 output to drive a 4-phase stepper motor coil.

4. Write Circuit and Erase Circuit

~WTG *L—J—

—WSw

—ESW t2

231,,5<z|<315m) -

(snmmeosus for 35

For the tunnel erase head, Erase gap has a lag position against Read/Write gap.
So Erase gate timing is necessary to have some determined delay time

against Write gate timing.
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5. Step Motor Drive Output Signal Timing
® Normal mode ® Sub Step Generation

“Normal mode
*Sub Step Generation

' —SUB
—SUB I

B 1 s I s T T I
e e = NS Uy Wy

STEP SuB a0
(Internal Signal) STEP [

(Internal Signal)
+8D1
I J O B D
+SD2 I

N e
-8D2 —J L o —_—’—|—,_

(2.79ms<1¢3.23ms)
In normal mode, step output signals turn at Sub Step Generator generates one more step pulse
the rising edge of —STP signal. internally after 3.1ms from the leading —STP

input.
A pair of leading and sub step pulse makes
equivalence to double step pulses input.

6. Stepper Energizing Timer

ey
jl

L= LI

ST N

(29.2ms<t1, tz, t3, <34.5ms)

This timer generates a switch signal to change a supply voltage for
stepping motor coil between seeking and holding. This function is
effective also when power supply rises.

L
—
7. Motor Off Timer
- —

(n<9.7s, 9.7sS 1251105

When motor control signal —MON turns “L", —DMO output turns "L" and makes the spindle motor rotate.
When —MON input turns “H", —DMO output turns “"H"after ¢2 seconds and the motor stops. Therefore, if
—MON once turns “H” and turns "L" again within 9.7seconds, —DMO output will hold "L" level and the
motor will keep rotating.
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8. Head Select Function

-WTG ———-L—————l

1

—Wsw —————I_—,—

- ——TL__F
LU
1T

—HIS

When both —WSW and —ESW output signal are 'High ', same signal as — SIS input signal
appears at — HIS output terminal. When either —WSW or —ESW is " Low ", — SIS input
signal is latched at the "H '— "L ' edge of — WTG signal and the latched signal appears at

—HIS output.  After —ESW output turns "H ", same
output again.

HEXAMPLE OF APPLICATION CIRCUIT

signal as — SIS input appears at — HIS

3ff 2| 1] [44] |43f |42 [41] |40

+12V +5V
514
{7 it
®@— & |wo
19 | Veer
HAT3431
HA13432/MP ‘*'| 10 | GND2
Motor
(Cumml )ENABLE H-{11 | oMo
-+Driver IC/ _:
12| GNDP
TERT w1 Juw
Vs [ 14 | -sb1
HALEIA oyl L 5] 4501
Vs (g Moo
Driver 16| -sbz
‘ pdidd S D —l 7| +sp2

RDO WPO TKZ IDX DSI 1US MON SIS WTG STP

1o
TST
0s2
0s1
MSL
Vear
HA16643MP GNDL
TZP
bbp
IXP
SUB
HLI

SPS FSW CSW HIS ESW WSW RDI WNI WPP RST

Ceramic
oscillator
component

-®

TR

RD
E;; o+
=352
i |EE

(O) : Terminal for Signal from FDC

(®) : Terminal for Signal to FDC
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BFEATURES

280

Read Amplifier has a differential voltage gain of 200 typ.
Which is adjustable with inserting the resistance between
gain select terminals.

Read circuit can be applied for the signal amplitude of
0.25mVp-p to 10mVp-p. Which is read out from Head
Coil, so that this IC has superior capability to apply to the
FDD less than 5 inches.

In the read circuit, the peak shift is less than 1% for the
signal amplitude, 0.5mVp-p to 10mVp-p at the Amp
input, resulting in no adjustment.

Pre-Amp and Write driver circuit include a Read/Write
mode switch circuit not to need the external diode switch
circuit.

Pulse width of monomulti-vibrator for the noise pulse
filter can be switched the control terminal. Therefore this
IC is applicable to the FDD which can deal with both
5.25 inches and 8 inches format.

Output circuit for Read pulse is composed of the 3-state
output circuit and controled by drive select signal. Also
polarity of output pulse can be switched by the control
terminal.

2 channel erase drivers built in, and are available to
switching the erase current, for example at the inner track
etc.

Write current can be established at any value according to
the external resistor. The write current is independent of
the supply voltage drift and temperature drift, with the
built-in stabilizing circuit.

This IC provides a function to increase the write current
at the inner track on the disk with a external switching
signal. The increase ratio of the write current can be
established at any value with the external resistor.

A dual mode supply voltage monitor circuit is built in, to
inhibit miss writing and miss erasing at the supply timing,
ON and OFF, and the abnormal supply voltage.

(MP-44)
PIN ARRANGEMENT
a
= -
SO
Q=
= =
) [
390
TIME DOMAIN
FILTER 3] RD
[37] psm
351
pSM ONTROL——|35] K6
M Locc
l 3] We
0 WRITE WRITE kil R
PRE 13 SWITCH cormext (L) cs
ouT § SOURCE
ast [14] J_J [31] weso
6so [15 30| West
RAW- [16 " S ] wes
i g & ‘

W- swl | .
W ] 28] ECO
] ] | a5
Pkl =SS =
& = Z E E s 8 £ g 2
=z 2 == S a8 8

o o
(Top View)
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HEBLOCK DIAGRAM

ACTIVE TIME
DIFFEREN- DOMAIN
TIATOR FILTER

! i i i 1

COMMON WRITE WRITE ERASE CONTROL
EVee @ CURRENT | | o | psu
: L
DRIVER SOURCE DRIVER DRIVER

53]

L___©_ PIOCOEOROROIOFOOOE. “@J)}
5 7 7 2 r— gl 8 BREE 3
b} = = =
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BELECTRICAL CHARACTERISTICS (7.=25°C unless otherwise specified.)

Circuit Block Item Symbol Test Conditions min | typ | max | Unit
Supply Voltage Range DVie 45| 50| 55| V
Supply Voltage Range EVee 10.2| 12.0| 13.8| V
Differential Voltage Gain Avp V=250kHz, Vin=5mVp-p —| 200 - | V/V
Input Bias Current Iig - - 15| A
Pre- Input Resistance vi f=250kHz 20 50 — | kQ
Amp. Common Mode Input Voltage Range Vem 30| 37| 44| V
Common Mode Output Voltage Veo — 3.1 -1V
- Output Harmonic Distortion THD f=1kHz, Vin=10mVp-p - — 5 %
S | Peak Detector | Peak Shift PS f=250kHz, Vin=0.25 to 10mVp-p - =1 1] %
O | Differentiator | Input Resistance 7id — 15 —| kQ
§ Output Sink Current Iso-p 400| 600 —| A
8 “H" Level Output Voltage Vo DVic—45V, lTon=—3mA 24 —| | v
“L” Level Output Voltage Vora DVee=45V, IoL=12mA - - 04| V
;}’vrzzzssor Timing Range #1 tr-1 0.5 - 10| us
Timing Range # 2 ti-2 150 — | 2000 us
“L" Level Input Current (DS, OINV) i DVec=5.5V —100 - — | A
“H” Level Input Current (DS, OINV) m DVec=5.5V - - 50| A
Output Voltage at Selected WRITE MODE Veom-w EVee=12V, Ton=90mA 104 ~-| 11.3| V
) Output Voltage at Unselected WRITE MODE | Veom-orr | EVee=12V - -1 07 V
;‘;;{}g"” Output Voltage at Selected READ MODE Veow-r | EVec=12V 33 37 41 Vv
Qutput Voltage at Unselected READ MODE Veos-orr | EVee=12V - - 08| V
Output Current Range Icom - —| 100{ mA
ol “L” Level Output Voltage Vorz2 Vec=4.5V, IoL=80mA — —| 04{ V
g g:?\ir Output Leakage Current I1.EAK EVec=13.8V - —| 100| A
] Erase Current Range Igr - - 80| mA
% Write Write Current Accuracy Iwr-a EVee=12V  DVee=5V =7 - +7 %
= Driver Write Current Pair Characteristics Twr EVee=12V  EVee=5V -1 - +1| %
Write Current Identification Range Twr-1 1 - 15| mA
) “H” Level Input Voltage Vin 2.0 — -1 Vv
{g:ﬁ;tc “L” Level Input Voltage ViL - - 08| V
Gate “H” Level Input Current e - - 50| uA
“L” Level Input Current IiLe —100 - —| LA
;’lé)ll)tnge Detection Voltage for 5V Supply Vesus EVee=12V 36| 4.0 44| V
Monitor Detection Voltage for 12V Supply Vesmiz DVee=5V - - 80| V
8l(l)ilfz<;m Quiescent Supply Current (5V) Icc EVec=12V, DVse=5V - 40 —| mA
Read Mode | Quiescent Supply Current (12V) Icc EVece=12V, DVec=5V - 15 — | mA
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The HA16652P/MP is an one chip IC integrated with Read amplifiers
and Write drivers to apply the small hard disk drive memory systems.

FUNCTIONS

Read amplifier circuit

Write driver circuit

Write unsafe detection circuit
Write current source circuit

FEATURES

Single polarity power supplies +5V, +12V.

R/W channels: 4 or 6.

Easily applicable for over 6-channel systems.

Read channel has a low noise amplifier with a high differential volt-

age gain of 200 typ.

Emitter followered read amplifier outputs.

Adjustable write current with an external resistor.

® Supply voltage monitor circuit enables to inhibit miss writing at
the lower supply voltage.

® TTL interface

= BLOCK DIAGRAM
vi2 V5

WUS RCT VCT

1
; —READ/ —OR/W
WRITE 1
: DRIVERY |4 ——SELECT}—© CD
|
H3X 01— AUP- |
H3Y f?)—— | ! 0 6 HSo
| i RN
: AMP : 2 &
- HaX O——rAUE 3| HS2
H4Y 0—] 1
i [ :
I ol |
1
H5X d NP, [NLaMp ©RDX
ey @—‘3‘ > 2 ORDY
%‘ [WRITE ]
SRIeER CURRENT SOURCE |
|

,_
1

]

I
I
I
I
I
i
I
I
|
I
I
|
1

i ‘
]
!

|
|
|
I
I
.
]
|
|
[
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HA16652P (4 channels)

(DP-22)

HA16652P (6 channels)

(DP-28)

HA16652MP (6 channels)
and
(4 channels)

>

(MP-28)
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® PIN ARRANGEMENT (Top View)

HOX
HOY
HIX
H1Y
H2X
H2Y
R/W

wC

o HA16652MP (6-channel)

NC
RDX

RDY

e HA16652P (6-channel)

H3Y

Hso []1
cp ]2

GND [

w

HoxX [J4
HoY []s
HIX []6
H1y []7
H2x []s
Hzy []9
R/W []10
wc [Ju
ne [
RDX []13

RDY []14

O

28

27

26|

25

24,

23

22

21

20

(] Hs1

] HS2

[ ] woi

] v12

] RCT
] ver
] H5X
[] H5Y
] Hax
] Hay
] H3X
] H3Y
] wus

[]vs
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e HA16652MP (4-channel)

HOX (]
HOY
HIX
H1Y
H2X (]
H2Y

R/W

wC

e HA16652P (4-channel)

co[1 22[THS0
GND ]2 O 21[] HS1
Hox []3 20[] wpI
Hoy []4 19[] vi2
HI1X []s 18] ] RCT
H1Y []6 17[Jver
H2x []7 16[] H3x
Hzy s 15[ ] H3Y
R/W[]9 14] WUS
wc [J1o 13[] vs
RDX []11 12[] RDY
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HA16652 Series

As power Dissipation of MSP, packages varies with the mounting structure, the substrate material and the
wiring density on the substrate side, derate according to the following thermal resistance data.

1,050 Rer=0Q
0 The left figure shows the derating under the condition
00 1300 1 of the mounting
< | @ (8 —a=90°C/W).
E I In case of the mounting ® and @, derate according
£ : to the following thermal resistance data.
|
|
|
40 70
Ta(C)

Fig. 1 Derating curve

240 ~

§ I \\ 40mm [ Circuit board
B \
g \
= 200
& R g
© I~ VR
I} S %
S 160 A
% \4 g, S —off— (l).8t ceramic or
9] B 7 4 S .5t epoxy
f 120 ESP“E% okl& \‘;
g ~l= ] "_ ~_ T<L @ glass epoxy with 10% metallization density
E B DIP 18 >§ g @ glass epoxy with 30% metallization density
= g —— ® 96% almina ceramic circuit board

alloy frame @ 3

0.5 1 2 5 10 20

Effective Circuit Board Heat Conductivity(W/ m°C)
Fig. 2 MSPAK Thermal Resistance

@ ABSOLUTE MAXIMUM RATINGS (7a = 25°C)

Item Symbol Rating Unit Application Terminal
Vs —-0.3t06.0 \% Vs
Supply Voltage Via —031014.0 v Vi
Write Current Iw 60 mA
Interface Input Voltage Vin —-0.3toV5+0.3 \% HSO0, HS1, HS2, WDI, R/W, CD
WUS Voltage Vwus -0.3 to 14.0 A\’ - WUS
WUS Output Current Iwus 12 mA wuUs
Center Tap Voltage Veto -0.3 to 14.0 v vCT
Center Tap Output Current Ico —60 mA VCT
Read Data Output Current Iro -10 mA RDX, RDY
Head Voltage Vi 03 toVi2+03 v " Note 1)
Operating Temperature Topr 0to 70 °C
Storage Temperature Tstg —55 to 125 °C

Note 1) HOX, HOY, H1X, H1Y, H2X, H2Y, H3X, H3Y, H4X, H4Y, H5X, H5Y
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® ELECTRICAL CHARACTERISTICS (Vy; =12V £10%, V5 = 5V £10%, unless otherwise specified.)

e Power Supply

Item Symbol Test Condition min. typ. max., Unit
Vs 45 5.0 5.5 v
Supply Voltage Range Vi 108 | 12.0 132 v
Read Mode - - 25 mA
+5V Supply Current Is Write Mode - - 30 mA
Idle Mode - - 25 mA
. Read Mode - - 50 mA
+12V Supply Current I, Write Mode - - 30+Iw mA
Idle Mode - - 25 mA
Read Mode Ta =25°C - - 600 mw
Write Mode
ﬁw = 5=01216\n Ta=25°C - - 700 mW
Power Dissipation Pd Wfiz; Mode
Iw =50 mA Ta = 25°C - - 1050 mw
Rer=08
Idle Mode Ta = 25°C - - 400 mW
e Digital Input
Item Symbol Test Condition min. typ. max. Unit
Low Level Input Voltage Vi -0.3 - 0.8 v
Low Level Input Current I Vi, =08V -04 - - mA
High Level Input Voltage Vig 2.0 - V5+0.3 A%
High Level Input Current Iy Vig = 2.0V - - 100 kA
Read/Write Transition Time Trw gf)l;y;)o 90% of Write Current - - 1.0 us
Write/Read Transition Time Twr Note 2), Note 3) - - 1.0 S
Hszfage,}%f; eSwitching Ths Read or Write Mode Note 3) - - 1.0 us
Chip disable Transition Time | Tirw | N/W ‘3°)Idle or Idle to R/W - - 1.0 us
Note 2) Delay to 90% of 10 MHz read signal envelope, Write current delay to 90%.
@ Write Faults Detection
Item Symbol Test Condition min, typ. max. Unit
Low Level US Voltage VoL IorL=8mA - - 0.5 v
High Level US Current Ton Vou= 5.0V - - 100 HA
Unsafe to Safe Delay Time Td, Iw = 20 mA Note 3) - - 1.0 us
Safe to Unsafe Delay Time Td; Iw =50 mA Note 3) 16 - 8.0 us
® Head Select Table ® Mode Select Table
HS2 HS1 HS0 Head Select CD R/W Mode
L L L 0 L L Write
L L H 1 L H Read
L H L 2 H L Idle
L H H 3 H H Idle
H L L 4
H L H 5
H H L none
H H H none
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o Read Amplifier

Item Symbol Test Condition min typ. max. Unit
Differential Voltage Gain Avd 00 g P R = 1k 160 | 200 | 240 vIv
Band Width (-3 dB) Bw Zs <58, Vin=1mVpp 20 - - MHz
Input Noise Voltage Vn f=15MHz,Lh=0,Rh=0 - - 2.1 nV/\/Hz
Input Bias Current Ib - - 45 MA

: Gam falls to 90% of
Dynamic Range Vomax ,f= 300 kHz, 20| - 2.0 mV
Vm = % + 0.5 mVpp
Common Mode Vin (cm) = Vo + 100 mVpp
Rejection Ratio CMRR 0.0Vpc, f= S MHz 50 - - dB
Power Supply Rejection Vs, +100 mVpp
Ratio PSRR PSS 45 - - dB
Vin T 10?1 Tthp <in
. unselected channels
Channel Separation Sep Vin = 0 mVpp on selected 45 - - dB
channels f= 5 MHz
Output Offset Voltage Vo -960 - 960 mV
RUTeental Wt Rin | 75w 2 [ - [ - |
Differential Input . = ]
Capacitance -Cin f=5MHz - - 23 pF
s?)rlrtlan;gn Mode Output Voem 5.0 _ 7.0 v
® Write Driver

Item Symbol Test Condition min typ. max. Unit
RoneCutrent Setting Iw Iw- Lieaq > 200 mA - uH 10 - 50 mA
Head Current Rise Lh =0 uH, Rh = 00, Note 3)

Time Thex 10% to 90% Point - - 20 ns
Head Current Switching Rh = 0, Lh = OuH _ _ 25
Delay Time Tds From S0% Point VDI e

d t Switchi Input Duty = 50% rise/fall
?,‘,’;’nm%'{{,‘,e" Switching Tds time = 1 ns Note 3) - - 2 ns
Differential Head _
Voltage Swing AVh 5.7 - Vek
Unselected Head Transi-
ent Leakage Current Ih - - 2 mApk
Differential Qutput =
Capacitance Cout f=5MHz - - 15 pF
Differential Output Rout f=5MHz 10 - - ke
xle)(llxglci;num Input Fw WUS Output = Low 125 - - kHz
Head Current Gain Ih/Iyc Head Current/Iwc - 20 -

Ver Read Mode - 4.0 - \

vC t Vol

T Output Voltage Ver Write Mode z 60 | - v
Write Current Setting K 129 140 151

Coefficient

Note 3) Conditions in Write Driver and time measuring conditions Vj, = 12V £10%, V5 = 5V £10%, Ta = 25°C, Iw = 45 mA,
Lh = 10uH, Rd = 7509, f (data) =5 MHz
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@ PIN DESCRIPTION

SYMBOL NAME DESCRIPTION
RDX Read Amplifier Differential output pins for the Pre-Amp. in the Read Circuit. The signal
RDY Output read out from the Head Coil is amplified and provided on these pins.
R/W R/W Switch Mode Select Switch for changing over the bias condition of the Head Coil.
A Low level selects the Write mode, while a High level selects the Read
Mode.
CD Chip Disable Chip Select Pin. This pin enables more chips to be used for multi channel
systems. When selecting a chip, set this pin “Low”.
Ver Center Tap Voltage Center Tap Voltage Output Pin for the head coil. Current corresponding
Qutput to the write current flows out from this pin in the Write mode.
ReT Power Supply for The chip power dissipation is reduced by pulling up this pin to the +12V
Center Tap supply with 1/2W and a 130Q resistor. When the power dissipation has
no problem, Ro pin can be pulled up to V, voltage directly.
HSO Head Select 0 Input pins for head select signals. The combination of these signals selects
HS1 Head Select 1 each one Head.
HS2 Head Select 2
HOX, HOY Head 0X, 0Y These pins are connected to the R/W head coil of channel 0.
H1X,H1Y Head 1X,1Y These pins are connected to the R/W head coil of channel 1.
“H2X, H2Y Head 2X, 2Y These pins are connected to the R/W head coil of channel 2.
H3X,H3Y Head 3X, 3Y These pins are connected to the R/W head coil of channel 3.
H4X, H4Y Head 4X,4Y These pins are connected to the R/W head coil of channel 4.
HS5X,HSY Head 5X,5Y These pins are connected to the R/W head coil of channel 5.
WwC Write Current Setting Write Current Setting Pin. The Write current is defined as the equation (1)
by connecting the external resistance Ryc between this pin and GND.
WRITE CURRENT =k /Ry [A] ..... )
WDI Write Data Input Write data input pin. The signal is divided through the F/F circuit in the
IC, and drives the Write driver.
wuUs Write Unsafe A high level output indicates the unsafe writing conditions. Unsafe con-
Detection Qutput ditions are shown as follows, )
at head pins
1 Short-circuit to Ground
2 Open
Others
3 Center tap open
4 Extremely low WDI input frequency
5 No write current flow
6 All the combinations of the above conditions
7 In the Read Mode
8 Chip unselected
Vs 5V Power Supply 5V Power Supply
Via 12V Power Supply 12V Power Supply
GND System: ground
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® EXAMPLE OF APPLICATION CIRCUIT

(Note 1) :

(Note 2) :
(Note 3) :
(Note 4) :

(Note3)

B .
=)
Ferrite beads @D 104H 2K, —L 100pF
4 HOX WUS 16 /;; RS422

+12V

24 VCT V515 » 45V

(Note 2)
Rer
130 j
1/2wW
25 RCT viz 25 | ] /J/; 100pF

Receivers

10xH 750

5 HOY WDI 26

6 HIX Hso 1 [} o<q]
Ls14

7 H1Y HS1 28 ]__o@% HDC
LS14

' E
8 H2X HS2 27
LS14

750
750
9 H2Y R/W 10
750
750

10H

10.H

BUBKUENGY

18 H3X NC 12
10uH

By

]
o
17 H3Y RDX 13| | —
HA16656
gl

10H

{1

20 H4X RDY 14| | =
P
19 H4Y we 11 ]
4
22 H5X cD 2
10,H 750 (Note 4) >(Notel)
21 H5Y GND 3 < Rwe

77

External resistance value, Rwc is changed by Write Current used. Determine
the value by (Expression 1).

External resistance, Rct (13082, 1/2W) restricts the power dissipation in a chip.
Ferrite beads control overshoot of Write Current, ringing and so on.

It is pulled down to GND in case of using in 6 channels.
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HA16656MP e ata peai petector or von

HA16656MP is the read data peak detector IC for a hard disk
drive to generate a digital pulse from the signal read out by
the head coil.

The output signal of an external preamplifier is amplified by
the AGC Amplifier and is input the Differential Amplifier
through the Low Pass Filter.

By the Differential Amplifier output and the Gate signal
from Gate Generator, the read pulse is generated.

BFEATURES
@ Built-in AGC Amplifier makes it possible to stabilize read
pulse generation independent of the characteristic devia-
tion caused by the kind of media (the plating media, the
coating media), by the kind of head (the ferrite, the thin (MP-44)
film).
® Wide differential input voltage range of AGC Amplifier:
20mVp-p to 0.5Vp-p. HPIN ARRANGEMENT
® Voltage gain is controlied 0dB to 40dB. “ > £ Ezzs o
® Gate Generator enables it to set slice level to eliminate EEZag EEsEer
H - - . . ocaonQe O d a0
incorrect read pulse which the time domain filter can not. 0101010 QOO
So the resolution of signal is raised without incorrect BRUOUTY G O @Gl}}[\)’tﬂlug)
pulse. BUFOUTX () 8 GATEOUT
® AGC Amplifier has the function of making O of the gain GSELL @ vea
in write mode GSELZ D GATEX
: . . BUFINY () [® GATEY
® Small, surface-mount package enables high density BUFINX @)
mounting. v [ covs
® Assembly board can be small by combining with the PA(I)%I‘@Z) g % iggm
read/write IC HA16652P/MP and the read pulse generator PAPOUTX @) [ choout
IC HA16663MP. PAPOUTY ) [® Ve
PAPINZ (®) [ vse
GND1 @ Vsu
(Analog)
QIOID]O) OB O®
SEEd - FzEEE
G225 8 EE -~
28885
22 =gs
B ABSOLUTE MAXIMUM RATINGS (7:=25C) (Top View)
Item Symbol Rating Unit Notes
Supply Voltage Veer 15 \%
Supply Voltage Veee 7 A%
Input Voltage Virx Veer \% Applies to RX.
Input Voltage Vist Veee A% Applies to Vsrand Vsu
Input Voltage Viey Veee \Y% Applies to GGVS.
Output Current Topar —10 mA Applies to PAPOUTX and PAPOUTY.
Output Current Tonir —10 mA Applies to DIFOUTX and DIFOUTY.
Output Voltage Vocu Vecet2 \% Applies to CHGOUT.
Output Voltage Voncu Veer \% Applies to Vace
Output Current Tol 4 mA Applies to LMTOUT and GATEOUT.
Output Current lon —200 1A Applies to LMTOUT and GATEOUT.
Output Current Toc —13 mA Applies to GATEX and GATEY.
Differential Input Voltage Vipira 0.5 Vpp Applies to RINX and RINY.
Differential Input Voltage Vibirs 3 Vpp Applies to BUFINX and BUFINY.
Differential Input Voltage Vipirn 3 Vpp Applies to DIFINX and DIFINY.
Differential Input Voltage Vivire 3 Vpp Applies to AGCINX and AGCINY.
Differential Input Voltage Vipire 3 Vpp Applies to LMTINX and LMTINY.
Operating Temperature Tor 0to +70 °C
Storage Temperature Tste —55to +125 °C
Power Dissipation Pr 765 mW
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HA16656MP

EBLOCK DIAGRAM
+12v
+12V +12v
=
“ 300 z ~
3 ) > =1 3
Nz 5 @ < +12V
- DO OO0~ |
fes o —
+5V -—yp < & I} !
Veer a 18 I 908 Fo10
HA16652P/MP & I
RINX P i 80
1k 23 7
P - O, 7
B> L Ace U 6 2
m 24 9 9 I 680
= 0.022u BUFOUTY
+12V (o) Vase DIFINX ()i H
S ) CHOOUT | N LPF
,
11k 2SAS30@X2 & 1 DIFINY\?/ i
v | ( )‘
+5v Accg = AMP @.A ®
DET N DIFOUTX
AGCINY 2\ d
2|
o (® >32< - ] ) BIFOUTY

62

Vst (59 T | DIF1 /N

1k

s

7.5k
Use to disable
AGC AMP. in
Write mode +5V

Open Collector
HD7406

EPIN DESCRIPTION

COMP —‘LMTOUT T T

GATEOUT ()
LMTINY
®
NX (&)
1
i
GND2 ‘
|
|
|
|

g
3
A
220 g s
HA16663MP
R
CR R/D-D
+?X«N\F—i é)
] R/D-P
(TTL level)
r

Pin Symbol Description
g | Veer +12V supply voltage
. E Veee +5V supply voltage
%E GND: GND for all blocks except TTL output circuit
&3 [ GND: GND for the TTL output circuit
g%g% Differential input pins for read signal from Hard Disk
gggﬁ% Differential input pins of Buffer Amp.
ﬁggg% Differential input pins of AGC Amplitude Detector circuit
[}
=
'r_'i i%%g% Differential input pins of Zero Cross Comparator
<
& VsL Input pin for setting Low slice level voltage of AGC amplitude detector, corresponding to threshold of
B discharge current
3 Ven Input pin for setting High slice level voltage of AGC amplitude detector, corresponding to threshold of
=] charge current
RX Input pin to control ON/OFF of AGCloop RX=open; AGC loop ON
RX=Low; AGC loop OFF (Minimum gain of AGC Amp.)
GGVS Input pin for setting slice level of gate generator
DIFINX Di . . . R
DIFINY ifferential input pins of Differential Amp.

(to be continued)
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Pin Symbol Description
ﬁ8888¥§ Open-collector differential output pins of AGC Amp.
PAPOUTX
PAPOUTY Emitter followered differential output pins of output buffer of AGC Amp.
PAPOUTZ
4 38588’%% Open-collector differential output pins of Buffer Amp.
E‘ 8i1§88$§ Emitter-follower differential output pins of Differential Amp.
3]
gﬂ LMTOUT TTL level output pin of zero cross comparator
=] Vace Discharge current output pin of AGC amplitude detector
(=%
g CAGOUT Charge current output pin of AGC amplitude detector
VrEF Monitoring pin for reference voltage of AGC Amp.
8&%%% ECL level output pins of gate generator
GATEOUT TTL level output pin of gate generator
£ | AGCSEL: Resistor and capacit tion pins for setting voltage gain and cut-off  of AGC A
ea'a AGCSEL» esistor and capacitor connection pins for setting voltage gain and cut-off frequency o GC Amp.
§% gggﬂ Resistor and capacitor connection pins for setting Buffer Amp voltage gain and cut-off frequency
B2
oa
~ 8 BH::; Resistor and capacitor connection pins for setting differential sensitivity and voltage gain of Differential Amp.

B ELECTRICAL CHARACTERISTICS (7.=25°C, Vec1 =12V, Vccz=5V, unless otherwise specified.)

Item Symbol Test Conditions min | typ | max | Unit | Applied Pin| Note
Supply Volt Veer 10.8 12{ 132] V | Veer
_ | Su oltage
5 | PPy Yo Ve 45| 5| 55| V | Ve
e Iech Vecr=132V, Vecs =55V 24| 32| mA | Veor
Supply Current - -
Icc2 Veer=13.2V, Veea=5.5V —1 65.5| 87.5|mA | Veez
Differential Input Resistance Ria - 3 kQ RINX
5 Input Bias Voltage Visa 31| 35| 391 V RIN‘Y |
% Differential Input Voltage Vinira - - 300 mVpp
E Common Mode Output Voltage Voca Ri. =300Q 106! 11.1] 115} V
LLD) Differential Output Offset Voltage Vora Ri. =300Q -130 ~1 130 mv JAGCOUTX
< | Output Sink Current Tosa 1.6 31 46/ mA |AGCOUTY
Output Dynamic Range Vona - 25| Vpp
.. | Differential Input Resistance Rip 10 -~ | k& | BUFINX
) sy
& | Input Bias Voltage Visn 435 485] 51| v |BUFINY
E Common Mode Output Voltage Vocs 9.8| 105 11.2| V
:_ Differential Output Offset Voltage Vorn R =430Q —230 —| 230|mV | BUFOUTX
% | Output Sink Current Toss 18] 35| 55/mA | BUFOUTY
2 | Differential Voltage Gain Avon R.=300. fin=1MHz, V.:=200mVpp - 7.9 dB 1
Differential Input Resistance Rip - 10 - | kQ | DIFINX
_ - GINY - T
= Input Bias Voltage Visn 34| 36| 38| V DIF
E%_E Common Mode Output Voltage Vocn 28| 33| 36| V
@ I
& E Differential Output Offset Voltage Vorn —230 E 230l mV | DIFOUTX
&= [ Differential Voltage Gain Avop Vin=200mVpp, fin=1MHz —| 118] -~|daB |DIFOUTY | 2
Differential Output Clamp Voltage Vonn Vin=2Vpp, fin=1MHz - 1 -1 Vpp
Note 1: R=220Q and C=0.14F are connected serially between GSEL1 and GSEL2. (to be continued)
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max

Item Symbol Test Conditions min | typ Unit | Applied Pin | Note
Differential Input Resistance Ric —-| 10| —|kQ | AGCINX
Input Bias Voltage Ve 49| 495 51| v | AGCINY
% | Input Voltage Vs —| 4.85 -V v
= SL —
£ | Input Bias Current Insn Visr.=4.85V — — 15| A s
g Input Voltage Viesn —| 47 -V
O Vsu —
(C’J) Input Bias Current Isu Vesu=4.7V — - 15| A
<¢ | Charge Output Current Tocu Viesn=4.85V 480 800| 1420| xA | CHGOUT
Discharge Output Current Tonc Visr=4.7V 210 360| 640 uA | Vace
External Resistance Rrx Virx=04V - - 75/kQ |RX
1 Via - 1. - Vv
5 Input Vf) tage e 5 GGVS
% | Input Bias Current Inc Vic=15V —230 - —| A
I
%’ “H” Level Output Voltage Voue 3.99| 412] 43| V | GATEX
% “L” Level Output Voltage VoL 3| 32| 34| V | GATEY
S | “H” Level Output Voltage Vone Ton= —200uA 24 - -V
© . GATEOUT|——
‘L” Level Output Voltage Vora Io.=4mA - - 05| V
Differential Input Resistance R — 3 — 1 kQ
5 | Input Bias Voltage Vi 2.7 3 33| V EI\I\ZI’}“INX
E Input Offset Voltage VirL -5 — 5/ mV INY
= [ “H” \ Vour. Ton=— ) -
- H" Level Output Voltage OHI OH 2001A 2.4 \Y% LMTOUT
“L" Level Output Voltage Vorr Ior.=4mA - —| 05/ V
Note 21 C-0.14F is connected between DIF1 and DIF2.
AGCINX
B TIMING CHART )
AGCINY
GATEX
GATEY
DIFOUT X —7—
DIFOUT Y ~a
HA16663MP Y
HA16663MP ¥ l I\
HA6663MP Q ]
HA16663MP Q _j_
||
R/D-P I I I l
(TTL level)
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H A1 666 2 M P’ HA1 6 682 M P .:l:)t:;'face IC for Winchester

HA16662MP/682MP is a monilithic 1C designed for ST-506
interface logics in hard disk drive memory systems.

FUNCTIONS

A pair of RS-422 receiver, driver.

Line driver for ST-506 interface.

Line receiver with hysteresis input threshoid.

Included ST-506 interface logics. ’

2 channels supply voltage monitor circuit for 5V and
12V.

Reset signal generator for micro processor.

Write gate signal and write fault signal generator for R/W

amp. IC. (MP-24)

FEATURES

Can be connected with MPU (6301V, 6301X, 6305V,
8049 etc.) directly.

Logic components for 1/O interface can be reduced.

No external TTLs and RS-422 receiver driver.

Write inhibit input for embedded servo system.

High reliable fail-safe with write inhibit functions at
power on period and abnormal supply voltage.

Small surface mount package (MSP: Mini-Square-Package)
for high density PCB.

B PIN ARRANGEMENT

®HA16662MP ®eHA16682MP
1 z
@ z
B 1y =] & =148z |2
S = YlEdE . z5BER
= L 8 g
R R Blz2z 2 zBEHE
gk : ~
ccflEd Breng OOOON EEO®
3)(2)(1 43)(12 X 41X40, ——
OO GE@EXD e ) O
SrvESEDD (6 O (39) Hso WeATE (7)
DIRECTION (7 weT SEEK COMP Q
ki < :IF’ET ENB TRACKS ()
READY (9 bl WRITE FAULT (10)
TWDEX (10 EXERR TEADSEDO (i
HEAD SELT (11
() WGTINH
_ (33) DIk HEADSELI (12
HEAD SELO (12 1/2 STEPOUT TNDEX (i)
WRITE FAULT (13 5 stepout
TRACKD (14 S R READ
SEEK coMP (15 STE
WGATE U6, DIRECTION
wEADSELZ (17 DRIVE SELD
® @ DO OO
— < < N J= < < 9 =
rEEE: BEEEE CEZRE ESZ
W EE 8> SEEBERRR Ss5235 I &
EER gleilg = [ e 5
I = = é =
(Top View) (Top View)
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HA16662MP, HA16682MP

BBLOCK DIAGRAM

Head Sa1 0 % HS 0
Fead Sl 1 c{b HS 1
Head Sel 2 c{b HS 2
WDATA i wer
_ * WDATA OUT
WDATA -
A -

RDAT RDATA IN
RDATA -] -
DIRECTION 4}} b q— DIR

GO B —— STEP OUT
- a > ’
STEP _.———cb—— -

CKpQ

DRIVE SEC c{}

RADIAL
DRIVE SELD

LED ON “‘——Cﬂj:

SEEK COMP ——]

iy INDEX IN

| — SEEKRES IN

READY ——

<
INDEX «_—(@;‘
TRACKT «———cq:b
WRITE FAULT
vl 1 _lye e [
-
m
m
|
7
|
|

READY IN

TRACKOIN

MPU RES

v
r A [
5V EDET %_: : : le— VS
12v : SUPPLY } | le—  FXFRR
| VOLTAGE | } WRITE
12V EDET __% MONITOR & :—"I FAULT 1 VFLT ENB
| RESET | | GENERATOR ;.;7'.
Vgr —————Il SIGNAL | : ~— VOTINH
RES TiMe i F__jl GENERATOR i :
ol I ol |
Ve —e
GND  —]
GND  —uf
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HA16662MP, HA16682MP

B ABSOLUTE MAXIMUM RATINGS (7.=25°C)

Item Symbol Ratings Unit Note

Supply Voltage Vee 7 \'

Input Voltage 1 Vini 7 v 1
Input Voltage 2 Vina Vee \% 2
Differential Input Voltage Vbin +7 A% 3
Output Voltage 1 Vout1 7 A% 4
Output Voltage 2 Vour Vee v 5
Differential Output Voltage Vborr 5.5 \4 6
Output Current 1 Tout 50 mA 7
Output Current 2 Tovt2 10 mA 8
Output Current 3 Tovrs 10 mA 9
Output Current 4 Touta —0.4 mA 10
Differential Output Current Inout 30 mA 11
Operating Temperature Range Tor 0to +70 °C

Storage Temperature Range Tug --55to +125 °C

Power Dissipation Pr . 750 mW
Notes) 1. Applied for schmitt inputs and other inputs equivalent to 74LS04.

(HEAD SEL 0~ 2, DIRECTION, STEP, DRIVE SEL, TRACK 0 IN,

&~

. Applied for the following inputs.

(5 VEDET, 12 VEDET, Vker, RESTIME, WFLTENB, RADIAL)

w

. Applied for the following differential receiver inputs.
(WDATA, WDATA)

-~

. Applied for the following open collector outputs when being OFF mode.

(DRIVESELD, LED ON, SEEK COMP. READY, INDEX. TRACK0. WRITE FAULT. MPURES)

. Applied for the following outputs when being High.

o

(HS 0~2, WGT, WDATAOUT. DIR, STEPOUT, 12 STEPOUT)

=3

(RDATA, RDATA)

-~

. Applied for the following differential driver outputs when being High.

. Applied for the following open collector outputs when being ON mode.

(DRIVE SELD, LED ON, SEEK COMP, READY. INDEX, TRACK 0, WRITE FAULT)

o<

©

Applied for the following outputs when being Low.

Applied for the following open collector output when being ON mode.

(HS 0~2, WGT, WDATA OUT, DIR, STEPOUT, 1/2 STEPOUT)
10. Applied for the same outputs as note 9 when being outputs High.

11. Applied for the following differential driver outputs.
(RDATA, RDATA)

BELECTRICAL CHARACTERISTICS (7.=25C)

NDEX IN, RDATAIN, SEEK RES IN. READYIN, WUS, EXERR, WGTINH, WGATE)

Item Symbol |Applied terminal Test Condition min | typ | max | Unit | Note
Supply Voltage Range Vee 45 50/ 55 V
High Level Input Threshold Voltage | V7 1+ HEADSELO Vee=5V - 17 -V
HEADSEL1
Low Level Input Threshold Voltage Vri- H}E P%ﬁ_%'ﬁq Vee=5V — 0.9 - Vv
Hysteresis’ Virsi - Vee=5V ~| 08 -V
High Level Input Current It ?’R,{g(.?(oh}u Vee=55V. Vin=2.7V I P
NDI
Low Level Input Current I WGATE Vee=5.5V, Vin=0.4V —0.4 — —| mA
Differential Input Voltage Vbin —55V< Vem<5.5V 1.0 = -V
High Level Differential Input Current| /iv1+ WDATA Vin=+5.5V, other Vin=0 - - 1| mA
Low Level Differential Input Current| Iiv1- WDATA Vin=—5.5V, other Vin=0 —-15 - -~ mA
Input Hysterisis Vours Vee=5V, Vem=0V 50 ~| mV
Vee=4.75V, ATA =0V,
High Level Output Voltage 1 Vout ce=475V, WDATA=0V 21 - | Vv
WDATA =1V, Ion=—0.44mA
L Vee=4.5V, W =0V,
High Level Output Voltage 2 Von2 V\’C];A’lif— W DIATf 3‘14 A 2.5 - -V
WDATAOUT Ve “45; V OZIOVA =
Low Level Output Voltage 1 VoLt cem o, o= AAT - —| 04] V
IToL=4.0mA
Vee=4.5V, Voin=1.0V,
Low Level Output Voltage 2 VoL2 ce=45V. Vom=10V — —| 045 V
Ior.=8.0mA
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HA16662MP, HA16682MP

Item Symbol |Applied terminal Test Condition min | typ | max | Unit [ Note
H?gh Impedance Output Currentl| Izout: WDATAGUT Vee=5.5V, Vo=2.4V - - 50| LA
High Impedance Output Current 2 Izout2 Vee=5.5V, Vo=0.4V —50 - —| LA
High Level Input Voltage 1 Vin Vec=4.5V 2.0 - - Vv
Low Level Input Voltage 1 Vi Vee=5.5V - —| 08 V
(?w evel Input Voltage (I RDATAIN cc
High Level Input Current 2 Iin 2 Vec=5.5V, Vin=2.7V — - 20 A
Low Level Input Current 2 L2 Vee=5.5V, Vin=0.4V —0.36) - —| mA
High Level Output Voltage 3 Vous Vee=4.75V, Ion=—20mA 2.5 - - Vv
High Level Output Voltage 4 Vot s RDATA Vee=4.5V, Ion=—20mA 2.2 — Y
Low Level Output Voltage 3 VoLa RDATA Vec=4.5V, Io.=20mA — — 05 V
High Impedance Output Current 3 Izouts Vee=5.5V, Vour=2.5V — - 50| A
High Impedance Qutput Current 4 Izouta Vee=5.5V, Vour=0.5V —50) - —| LA
SRIVE SELD
Low Level Output Voltage 4 Vos | SEEKCONF | Veo=45V, Jor=48mA o o4 v
INDEX _
High Level Output Current 1 Tomy | WitEravir | Vee=45V, Vow=55V —| —| 250| A
High Level Input Voltage 2 Vine SEEK RESIN | Vec=4.5V 200 - -V
Low Level Input Voltage 2 ViLz READY IN | Vee=55V — — 08 V
High Level Input Current 3 Lins WGTINH | Vec=55V, Vi =27V - = 20 eA
Low Level Input Current 3 IiLs WwuUs Vee=5.5V, Vi =04V —-0.4 - —| mA
High Level Input Voltage 3 Vins 2.0 — - Vv
Low Level Input Voltage 3 Virs RADIAL - — 08 V
High Level Input Current 4 Lina Vee=5.5V, Vi =27V —0.5] — —| mA
Low Level Input Current 4 Iira Vee=5.5V, Vi =04V —-1.2 - —| mA
. HS0 Vee=4.75V, Vi =08V, _ _
High Level Output Voltage 5 Vons HS1 Tow = — 0.4mA 2.7 \Y%
HS2 Vec=45V, Vi =08V
High Level Output Voltage 6 Vons WGT Tow = - 4' A ! 25 - - Vv
DIR on = —0.4m
Low Level Output Voltage 5 VoLs STEPOUT Vee=4.5V, Vi =2V, Io.=4mA - — 04 V
Low Level Output Voltage 6 Vors | VZSTEPOUT ['yio—45v, Vi =2V, Ioo=8mA I =] og v
Low Level Output Voltage 7 VoL Vee=4.5V, Vi =2V, IoL=8mA - —| 04 V
. MPURES Vee=45V, Vi=08V,
High Level Output Current 7 Tonr Von=55V — 250 A
High Level Input Threshold Voltage | Vr7a+ Vee=5V - 1.7 -1 Vv
Low Level Input Threshold Volt: Vra- N Vee=5V - 09 -l Vv
ow evel nput Threshold Voltage T2 EXERR (3 :
Hysteresis Viysa WFLTENE Vee=5V ] - 'V
High Level Input Current Iins Vee=55V, Vin=2.7V - — 20| ©A
Low Level Input Current IiLs Vee=5.5V, Vin=0.4V —0.4 - —| mA
Internal Charge Up Resistance Rc WFLTENB 140f 200 260 Q
Sense Voltage Range 1 Vsvri Veez2V 0| —(Vee-10| V
. Vec=5.5V, 5VEDET =24V, _
Input Bias Current 1 Iig1 Vaer=2.5V, 12VEDET =2.9V 40 60| A
. S5VEDET Vec=5.5V, 5VEDET =55V,
Input Bias Current 2 Iip2 Visr=25V. 12VEDET = 2.9V — - 2| uA
. . Veer=2.5V, R1=13kQ, _
Hysteresis Vhyss Ro—1.8Kk0 —| (140) mV 1
Sense Voltage Level 1 Vsvi Vrer=2.5V, Vec=5V 2.48| 2.50| 252 V
Sense Voltage Range 2 Vsvra Veez2V 0 —{Vec-10f V
. Vee=5.5V, 12VEDET =2.4V, _
Input Bias Current 3 Iips Vaer=2.5V, 5VEDET =2.9V 35 50| A
. 12VEDET | Vee=5.5V, 12VEDET =55V,
Input Bias Current 4 1B Vibr—2.5V, 5VEDET =2.9V — — 2| LA
. Veer=2.5V, R\ =5.6kQ _ _
Hysteresis Vhysa Ry =1.8kQ (270) mV 1
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Item Symbol |Applied terminal Test Condition min | typ | max | Unit | Note
Sense Voltage Level 2 Vsviz Vrer=2.5V, Vec=5V 248 250| 252 V
Applied Reference Voltage Range|. Vrer 2 —|Vec-10] V 2
. Vrer Vee=5.5V, 5VEDET =12VEDET =2.9V,
Input Bias Current 5 Iins Virr=2.5V —=3.00 —1.0 —| A
Input Bias Current 6 Iige Vee fE.SV, SVEDET =12VEDET =0V, - = 2|| A
Vrer=5.5V
High Level Input Threshold Voltage | Vrs+ Vee=5V —123Vee - Vv
Low Level Input Threshold Voltage Vrs- RESTIME Vee=5V —1610Vee - Vv
Capacitor Charge Up Current Iche Vee=5V 0.5 1 2| uA
Dissipation Current Icc Vee Vee=5.5V — —| 135 mA
Note 1. Test circuit is shown in the following schematic.
Calculation of Hysteresis
[ Ry, Ri
Vivss= | Ki(1 + 9-)+ 3% | Veer
1 R TK2 !
HA16662MP Ki=00245%
K2=60K £30%
Viyss= { Ka(l1+ %‘;) + %: } Vier
K3=0.0069+5%
Ki=T2K+30%
Note 2. When applied reference
voltage becomes less than 0.6V,
supply voltage monitor circuit
generates the supply fault signal.
EPIN DESCRIPTION
No. Terminal Name 1/0 Pin No. Description
Differential input terminals for input of write data from hard
1 Y@ﬂ 1:\ I 4 disk controller, and input characteristics are equivalent
WDATA 5 to that
iof “26LS32” in AC and DC characteristics.
o Output of differential write data signal with TTL level.
2 | WDAT: T (0] 2 This output turns high impedance when “DRIVE SELD”
signal is not asserted.
Differential output terminals of read data which are
RDATA 1 . - iops
3| praTa (0] transmitted to hard disk controller. Qutput characteristics
RDATA 44 . . »
are equivalent to that of “26LS31”.
Input terminal of read data from read write amplifier.
4 | RDATAIN
! 2 This input has TTL compatible input threshold.
(to be continued)
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Terminal Name

1/0

Pin No.

Description

w

DIRECTION

Input terminal for “DIRECTION” signal from the hard disk
controller. Input characteristics are equivalent to that of
“7414”.

' DIR

33

Output terminal for the latched “DIRECTION” with the
leading edge of “STEP” signal, and can be reset by
“SEEKRES IN” signal.

STEP

Input terminal for “STEP” signal from the hard disk
controller, and its characteristics are equivalent to that
of “7414”.

STEP OUT

31

Output terminal for the inverted “STEP” Signal.

1/2 STEP OUT

32

Output terminal for the signal which is devided by two of the
inverted “STEP” signal.

10

SEEK COMP

Output terminal for the signal which indicates that the seek
movement is completed.

This signal is disasserted when both “M/PURES” signal and
“STEP” signal is asserted, and is asserted when “SEEKRES

IN" signal is asserted. Output DC characteristics are
equivalent to that of “7438”.

11

SEEKRES IN

30

Input terminal for the completed seek operation signal
which resets the R-S flip flop for the “DIRECTION”
signal,

the counter for the “STEP” signal, and the R-S flip flop
for the “SEEK COMP” signal.

12

READY IN

29

Input terminal for the signal which indicates that the hard
disk drive is ready.

13

Output terminal for the ready signal which indicates that
the HDD is in the ready state.

This signal is transfered to hard disk controller and its
output DC characteristics are equivalent to that of “7414".

14

DRIVE SEL

18

Input terminal for the “DRIVE SELECT” signal from the
hard disk controller. Its input DC characteristics are
equivalent to that of “7414".

15

DRIVE SELD

Output terminal for the “DRIVE SELECTED” signal to the
hard disk controller. Its output DC characteristics are
equivalent to that of “7438”.

16

INDEX IN

28

Input terminal for the “INDEX"” signal. Its input DC
characteristics are equivalent to that of “7414”.

17

10

Output terminal for the “INDEX” signal to the hard disk
controller. Its output DC characteristics are equivalent
to that of “7438".

18

TRACK 0 IN

27

Input terminal for the “TRACK 0” signal.
Its input DC characteristics are equivalent to that of “7414”.

19

TRACK 0

14

Output terminal for the “TRACK 0" signal to the hard disk
controller. Its output DC characteristics are equivalent to
that of “7438".

(to be continued)
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Terminal Name

1/0

Pin No.

Description

20

LED ON

26

Output terminal for the LED drive signal which indicates
that the HDD is in the ready and drive selected state when
both the “DRIVE SEL” signal and the “READY IN” signal
are asserted. Its outout DC characteristics are equivalent to
that of “7438”.

21

HEAD SEL 0
~HEAD SEL 2

12

17

Input terminals for the “HEAD SELECT” signal from the
hard disk controller. Its input DC characteristics are
equivalent to that of “7414”.

22

HS0~HS2

39
41

Output terminals for the “HEAD SELECT” signals to the
R/W head amplifier.

23

WGATE

Input terminal for the “WRITE GATE” signal from the hard
disk controller. Its input DC characteristics are equivalent
to that of “7414”.

24

38

Output terminal for the “WGATE” signal to the R/W head
amplifier.

This signal is disasserted when supply voltage becomes
abnormal low, or “WUS” signal or “EXERR?” signal is
asserted, and also when “WGATE" is asserted with the
condition of not seek completed.

25

WUS

37

Input terminal for the “WUS” signal from the R/W head
amplifier. This signal makes the “WFLTENB” signal and
the “WRITE FAULT” signal be asserted, and disasserted the
“WGT” signal.

26

EXERR

35

Input terminal for the external error signal to asserts the
“WFLT ENB” signal and the “WRITE FAULT” signal,
and to disasserts “WGT” signal.

27

WFLT ENB

36

This terminal is used to eliminate the glitch of the
“WRITE FAULT” signal by connecting with the external
capacitor.

28

WGT INH

34

Input terminal to disassert the “WGT” signal.
In case of being unused, this terminal may be open.

WRITE FAULT

13

Output terminal for the “WRITE FAULT” signal to the hard
disk controller.

This signal is asserted when the supply voltage (5 volts to 12
volts) becomes abnormal low, or “WUS” signal or “EXERR”
signal is asserted, and also when “WGATE” is asserted with

the condition of not seek completed.

30

MPURES

25

Output terminal for the reset signal for the microprocessor
or peripheral devices.

This signal is asserted when the supply voltage (5 volts or 12
volts) becomes abnormal low (includes power on period).
The output pulse width can be adjusted by connecting the
external capacitor with the “RES TIME” terminal.

31

RES TIME

24

This terminal is used for adjusting the pulse width of the
“MPURES” signal by connecting the external
capacitor.

300

(to be continued)

G HITACHI



HA16662MP, HA16682MP

No. Terminal Name 1/0 Pin No. Description

This terminal is used to detect the “5 volts” supply voltage
fall. Input voltage must be adjusted to the desired detecting
32 | S5VEDET I 20 value by using the resistance ratio of the external
resistor pair against the reference voltage “ Vrer”.

This terminal is used to detect the “12 volts” supply
voltage fall. Input voltage must be adjusted against the

33| 12VEDET I a reference voltage “ Vrer” by using the same method written

in No.32 item.

Input terminal for the reference voltage of the internal
34 | Veer I 22 comparators used to detect the supply voltage fall of “5
volts” and “12 volts”.

35 | RADIAL I 19 Input terminal for radial option.

36 | Vee - 43 5 volts power supply pin.

37 | oNDI _ 23 Ground pin for thg internal bipolar circuit except high
current output drivers.

38 | GND2 _ 3 Gr'ound pin for only internal high current output
drivers.

ETIMING SCHEMATICS FOR EACH FUNCTIONAL CIRCUIT.

1. HEADSELO~2—HS0~2

HEAD SEL0~2 | I

HS0~2 I l

2. INDEX IN—INDEX
READY IN—READY
TRACKO IN-TRACKO

INDEX IN

READY IN l

TRACKO IN

3. DRIVE SEL—DRIVE SELD

RADIAL
DRIVE SEL I r——
RADIAL

DRIVE SELD ——I '————
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4. STEP—-STEPOUT
1/2 STEPOUT

STEP
STEPOUT
1/2 STEPOUT

5. DIRECTION—DIR

DIRECTION

STEP

SEEK RESIN | l
! 2
6. SEEK COMP
- \
SEEX RESIN ) U
SFEK COMP (Note 1) I j[

Note 1. This output is kept at high level in the condition of power ON period or abnormal supply voltage.

7. WGATE-WGT
WGT INH

N

- A
- ) T

8. WGATE—-WRITE FAULT
WuUsS WGT

1

=5

e

WRITE FAULT
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9. WGATE—WRITE FAULT

EXERR WGT
WeATE /] I
N
EXERR
e >| \I I:) |
/
WRITE FAULT > |

10. WGATE — WRITE FAULT
(SEEKING) WGT

Seeking

SEEK COMP

‘WGATE

WGT 2 l
WRITE FAULT

11. SUPPLY VOLTAGE FALL—WRITE FAULT
WTG

WGATE
SUPPLY VOLTAGE l

FALL (INTERNAL

SIGNAL) I
o T
WRITE FAULT

12. RDATA IN—RDATA
RDATA

RDATA IN :
RDATA
RDATA

13. WDATA—WDATA OUT
WDATA

WDATA %
WDATA
WEGATA OUT l
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14. WFLTENB TIMING

GT

WUS Inhibit —e= ’-7 tup —] Fe— WUS Inhibit

—_—

wus

WFLTENB W

Vry

tyn=0.38 - 10° - C1(F) (S)
C1: Capacitance of an external capacitor connected with the “WFUTENB" Pin.

15. MPURES PULSE TIMING
(1) At power ON period

VREF

SVEDET
12VEDET

RESTIME

[RES

MPURES

(2) At abnormal supply voltage

Ve

S5VEDET
12VEDET

RESTIME \/—‘

LRES

MPURES

tres=4 - 10°- C2(F) (S)
Cz; Capacitance of an external capacitor connected with the “RESTIME" pin.
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BHA16662MP APPLICATION EXAMPLE

sared uowBuiaep Joj sindino Bulalq 69~g9d (g JON)
J0181s34 aamded ndut jo Indur 18881, ¢ 0zd (g aN)
ndur Jawnod weay ¢/zd (1 loN)

P77
HOSNES B
0MOVHL ' W - ano
.Iw AS l— aND
sand ool Y e e le— 224
HOSNES B r aor 7l
X3aNI — 08d pett i o s
llllll % W | ! | MOLVHaNGD _.HL FWIL STY
-
HNLLOM “~ yorvuanan | | T T4 ™
AS £ nnvd L ]
LNdNI aNg L1dm T aimm 1 T HOLINOW 1903 Azl
TIVH e ] EVLII0A | |3
LYVIS i [ A1ddnS | | Eay
7d01S €ld SNM —=t— I“ _r L_I 1303 As
| S o — — —— — —
HOLOW ﬁ 1T L 451710V LM
ATANIAS (92VETVH) N Brrrewry
(€810N) STU NdW J/_»\_r t < ALYOM
ad o e 0
B yaana (€ 3A0W) ad NLOYOVYL - {D— XOVYL
(D—r1p- XAANI
n  HOLOW X10£9H
TIANIS Aat 19d NI AQV3Y > - AQVIY
An 09d NI SAUNTTS 4> U b~ 480> ¥aas
ﬁ (£210N)
1 ¥9d H- NO @31
Do 4125 AA140
. . ~ — TVIavY
(ga10N) (220N )02d NI X3ANI 42>
(VIZHEIVH) | £9d <% 73S 3A14Q
030)
“ 100 d3Ls 2/1 ba [~ dilLs
2d
HOLOW % “ (120N)L2d 100 d31s o)
INIddALS " s ﬁ T2d g <} {o'a} —G- NOILOFNIG
i¢ . ylvay
NI VLVQ¥ - VIVQY
YIARA 100 VLVAM - VLYAM
HOLOW TOM — 4 VIVAM
ONIddALS dIWY avay — ZSH <@ 2 73S QVaH
1 SH <& 1 73S QvaH
a 0SH D% 0713 avaH
ﬁ i}
* = SOM am
om 2 £ A
“dWY QVaH o
(dW/d28991VH) 0SH
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H A1 6 6 6 3 M P @®Read Pulse Generator for HDD

—Preliminary—

HA16663MP is a read pulse generator IC for regenerating
read data pulse by the differential amplifier output and the
gate signal of the read data peak detector IC HA16656MP.

B FEATURES

® Generates TTL level output of read data pulse by con-
necting with HA16656MP.

@® The read data pulse output has drive capability equivalent
to 261.S32.

@ Small, surface-mount package enables high density
mounting.

® Assembly board can be small by combining with the
read/write IC HA16652P/MP and the read data peak
detector IC HA16656MP.

>

(MP-18)

HPIN ARRANGEMENT

A A NC Y
[z M 18] [i7]
3] O 16 ¥
s[4 [15] RD
R[] IT4] R/D-P
a[g] [13) GND2
GND1[7] [12] Vee
ogo) o o
NC NC CR NC
(Top View)
EBLOCK DIAGRAM
+5V
Vee GNDL 7
st () Attt () At -
' |
|
HA16656MP A M
DIFOUTX
| *1 *1 |
HA16656MP j\‘@
O —
DIFOUTY A@ T
! 1
|
N |
' 1
HA16656MP S . — |
GATEX 4 S Q D Q D Q |
1 *2 ) *2 *2 :
HA16656MP 5 L |
GATEY ‘_R<5> R Q Ck K |
! | ] |
|
| |
! |
! I
|
! Monostable Mulivibrator *3 14 VFO
| [ R/D-P
' |
l |
|
e (- —————l0)—————————————— 13— —— -
N @ R, GND2
5V

* 1 Equivalent to 10116
*2 Equivalent 10 10131
%3 Equivalent to 26L.532
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HA16663MP

BABSOLUTE MAXIMUM RATINGS (7.=25C)

Item Symbol Ratings Unit Applied Terminal
Supply Voltage Vee 7 \%
Input Voltage Vi Vee \ S, R
Output Current 1 Io1 -2 mA Y, Y
Output Current 2 Io2 —2 mA QQ
RD Output Current Ios -2 mA RD
CR Output Current Iocr —30 mA CR
Low Level Output Current IoL +4 mA R/D-P
High Level Output Current Ton - 440 uA R/D-P
Differential Input Voltage Vipir 2 Vp-p A A
Operating Temperature Range Topr 0to 70 °C
Storage Temperature Range Ty —55to +125 °C
Operating Junction Temperature Range Tiopr 135 °C
Power Dissipation Pr 680 mW
MELECTRICAL CHARACTERISTICS (7.=25°C, Vec=5V)
Item Symbol Test Condition min | typ | max | Unit |Applied Terminal
Operating Supply Voltage Vee 45| 50| 55 A% Vee
Quiescent Current Icc Vee=5.5V — | 104 | 123 | mA
Input Resistance R - 1k - Q -
Input Bias Voltage Ve 2.6 3| 34 \Y AA
High Level Output Voltage 1 Vou 3.7 4] 43 \Y% vy
Low Level Output Voltage 1 Vor 30| 32| 34 v '
High Level Input Voltage Vin 3.95 | 4.1 | 430 \Y% S R
Low Level Input Voltage ViL 30| 32| 34 \' '
High Level Output Voltage 2 Vona 3.7 40| 43 A% -
Low Level Output Voltage 2 Vorz 28| 30| 32 \Y% QQ
High Level Output Voltage 3 Vous 39| 42| 45 \Y RD
Low Level Output Voltage 3 Vors 33| 35| 37 \Y%
High Level Output Voltage 4 Vou 4 Rcr=2.2kQ 3.39 | 3.53 | 3.80 \% CR
Low Level Output Voltage 4 VoLa Rcr=2.2kQ 180 | 2.0 | 248 \Y
High Level Output Voltage 5 Vous Vee=4.5V, Ion=—440uA 25| 34 - \%
Low Level Output Voltage 5 VoLs Vee=4.5V, IoL.=4mA — 02| 04 \Y
Rise Time t g:;zggg% Rrz=2.2kQ, - 15 - ns DD
Fall Time tr }é:':zgg’g%' Rrz =22k, - 4 - | ns
Propagation Delay Time tpdHL g;‘zzgggg’ Rz =22k, - 27 — ns
Pulse’ Width tw g;':’gggg’ Rr2=2.2kQ, —| 46| - ns
HPIN DESCRIPTION
Terminal Name 1I/0 Pin No. Description
Vee - 12 5 volts power supply pin.
Ground pin for the internal Bipolar circuit except high current
GNDI B 7 output drivers.
GND2 _ 13 dG;t\)]l;l;i pin for only internal high current output

@ HITACHI
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Terminal Name 1/0 Pin No. Description

Differential input pins for the line receivers,
A A 1 1.2 The output of HA16656MP differentiation circuit is applied
to these pins.

Input pins for the RS latch.
S, R I 4,5 The output of HA16656MP gate generator circuit is applied
¢ | tothese pins.

Output pins for the RS latch.

QQ 0 3.6 The signal is at ECL level at output.
Output pin for the read data.

RD 0 15 The signal is at ECL level at output.
Output pin for the read data pulse.

R/D-P 0 1 The width of the output pulse is determined by the external

) capacitor and resistor on MM?* The signal is at TTL level

at output.

Y.Y (¢} 17,16 Differential output pins for the line receivers.

CR o 10 This pin provides connections to the capacitor and resistor

determining the output pulse width of read data pulse.

» Monstable Multivibrator

B TIMING CHART HA16656MP LT o7
(MREER) e \\//\ e AN
N
(HAleessMP)n/'\ / A ’\ )(
AGCINY ~___-" M ~___-" M

(HAISSBGMP) ——I
GATEX

R
(P

(HA16256MP>
DIFOUTX

A
HA16656MP
(oD S~

=<1

ol

1=
L

RD

i
ey | ]
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HC16701 ® Thermal Head Driver

HC16701 has a function of serial-in-parallel-out plus 32ch
driver, bi-directional shift register, two stage latches, strobe

gate and large current driver.

Logic circuits are composed of IIL and output 32ch driver

B FEATURES

® Each driver of built-in 32ch drivers (NPN Open Collector)

has a capability of driving 70mA.

® Enable to shift the shift register in right and left direc-

tions by mode select terminals.

® Every channel has two stage latches and is available with
controlling output pulse width in the unit of channel.

B BLOCK DIAGRAM

has a capability of driving large current. HC16701 is suitable
for applications of thermal head driver and LED display

driver.

® Enable to prohibit driver output by Dis terminal.

Available with prohibition against driver output at power

“ON".

® Built-in D-F/F for selecting chip is available with the

application of chip selector in the system of using some

HC16701 IC’s.

Qo Q Q2
ok 0~ < 1 T ===
s LNt J g --———FF=——-
sp @+ A AN e
D
O©—>0ux v
O©—>0>0
Data
pwe 1 J! wJy ) T T
© Do
o Q Q Q
(: :}——l >0 Bo B B | @ —————————
D CLK D _CLK D CLK
1 ! 1 lr )\
| >0—>0 Lo {q e
©->o1>0 Ao Ar I i
R71 CLK CLK_ D CLK D
: | d i 1
Iu —‘-D——
Qo Q Q
Iy @ E 5 | ) D So S S mmmm s ==
CLK CLK CLK
NGO, 0> " ! +
B MAXIMUM RATINGS (Ta=+25C)
Item Symbol Rating Unit Remarks
Supply Voltage Vee 7 A%
Output Sink Current en 100 mA 1
Output Terminal Voltage Vou +25 \4 2
Power Dissipation Pc ‘T, me: =125°C
Operating Temperature Range Ta. o —20 to +70 '
Operating Junction Temperature Range T o —20 to +100 °
Storage Temperature Range Tsre -35 to +125 K
Notes) 1. Applied to output driver terminal Qo to Qs when output driver transistor "ON".
2. Applied to output driver terminal Qo to Qui, when output driver terminal "OFF"
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BELECTRICAL CHARACTERISTICS (T,=+25C)

Item Symbol Test Condition min typ max Unit .?:f:?:;l:
Operating Supply Voltage Vecor Vce=5.0V, Driver:ON Duty 50% 4.5 5.0 5.5 V| Vee
Quiescent Current Icc Vee=5.0V, Driver : ON Duty 50% — 120 160 mA Vee
linj Operating Voltage (Note 5) Vi 3.0 — Vee A Tini
Injection Current L., Vee=5.0V V., =5.0V — 30 - mA | L
Input High Voltage 1 Vim Vee=5.0V 3.0 — — V | Sy, PWC,Cy, C
Input High Voltage 2 Vine Vee=5.0V 2.5 — — Cs, I In, DATA
Input High Voltage 3 Vius Vee=5.0V 3.0 — — Di..R’L
Input Low Voltage 1 Vie Vee=5.0V - — 0.3 S, PWC,Cp, C:
Input L.ow Voltage 2 Viee Vee=5.0V — — 0.8 V | Cs.InIn, DATA
Input L.ow Voltage 3 Vies Vee=5.0V — — 0.8 vV [D.RL
Input High Current 1 I Vee=5.0V, Cs - In =1y =5.0V - — 150 pA | Cs InIn
Input High Current 2 Liuz Vee=5.0V DATA +5.0V — - 150 HA DATA
Input High Current 3 Lins Vee=5.0V D.. 3.5V - — 150 #A | D.
Input High Current 4 Lins Vee=5.0V R L -3.5V - — 150 #A [ R'L
Input High Current 5 Tius Vee=5.0V, Sp- PWC=Cr=Ci=3.5V — 120 180 MA S, PWC,Cr,C:
Input lLow Current 1 Iy Vee=5.5V, Csx ~ Iy =1 =GND —600 | —400 — uA | Cs I s
Input Low Current 2 L2 Vee=5.5V, DATA =GND —600 | —400 - #A | DATA
Input Low Current 3 Fics Vee=5.5V, D.. :R'L~=GND ~20 — - #A |D..R'L
Input Low Current 4 Lis Vee=5.5V, Sp - PWC=Cr=C, = GND —20 — - KA | S PWC.Ci.Cx
Output Low Voltage 1 (Note 1) Vi Vee=5.0V, I, =10mA — - 0.3 \Y% Qu to Qn
Output Low Voltage 2 (Note 2) Viie Vee=5.0V, 1, =0.6mA - — 0.5 Vo Qua
Output Low Voltage 3 (Note 2) Viis Vee=5.0V, 101 =1.2mA — - 0.6 V| Dout
Output Current 1 (Note 3) T cc=4.5V, Do 2.7V 300 500 - #A | Duw
Output Current 2 (Note 3) Loz Vee=4.5V, Quu 2.7V 150 250 - MA | Quun
Output |.eak Current (Note 4) L Vie=5.5V, Qu to Qa1 - 25V — — 500 A [ Qo to Qu

Notes

When setting the state of output “"LOW".

When output transistor is "OFF",

1
2
3. When setting the state of output "HIGH"
4
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 pcs. Vcc;

3 pcs. GND; 8 pcs. others; 13 pcs.)
@ Pad Arrangement; See the following figure. (an outline)

3.7mm
7 QusQis ——
' |
' |
| 111
' |
| I
£ | I
“ |
i .
!
Qo Qa

1/0 Interface

EDICE DIMENSION

Qutput Drivers

/(Included 7 GND pads)

/(lncluded Vce 3 and GND 1 pads)

1350 1715 2255 2680 3085 3425 3765 4145 4485
Origin(0,0) 135 .,
1180 15I30 1990 2470 | 2890 3z|55 3595 | 3965 | 4315 | 4655 5365
135 i _ aalsalaailizaiizasalsalaalnalsalea salnslnal nalnalnalss BN 155
w5 [T o L I e ol e i e s e ey s . -
s s Q20 Q21 Q22 Q23 GND2 Q25 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Vee Ct PWCCp Dout
GND2 ln—E}—um
s2s —{1}-onoe 3 31
s9s @7
ass—H 1} Q16 \
1
onotEEH- 1550
wso—-E}cNDs 3,700
Vr("E}—ZlB()
X |
2835—{3—Q15
3005 —L 11
00! j—QM “n,’-E:]—J—ROSU
a17s—H 1} onoz rL-H 3220
ass—H} @ Qo @ @2q ¢ o @ @ @NP?q Qe Dis sp Data 1 fTH— 3390
315 —H 1@ _ feslaniaslaainalne aaBzalniualsalualsadna _ trh h 3565
3565 e T LD e o (=8
] ) T 1
135 nlso 1530 | 1890 | 2275 | 2700 | 3065 1 3410 | 3775 42'75 5100 5365
1350 1715 2065 2490 2900 3240 3580 4900 D oum
5,500
Unit i um
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HC16701

B INPUT INTERFACE CIRCUIT

@Cs,la,ls ®S;,C,,C:,PWC

Vee

Vin Vix o_—'\/V\’_j

[>0--- I%L Inverter

®DATA ®R/L,D:.
Vee Vee
Vis
Vin
B OUTPUT INTERFACE CIRCUIT
®D.., Qou ®Q.—Qs
Vee
o——¢
< Vee
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HA1127 Series es rnssor amays

B PIN ARRANGEMENT

[T

B,[Z ZIB‘
E,ELEC,

1 c,

12 | By
1 jc,

(Top View)

Note: Use pin-13 as the lowest potential of this 1C.

B ABSOLUTE MAXIMUM

13 l E s(Substrate)

(DG-14)

(DP-14)

RATINGS (Ta=25°C)

Item Symbol HA1127P HA1127 Unit
Collector-Base Voltage Vero 20 20 \%
Collector-Substrate Voltage Veio 20 20 \%
Collector-Emitter Voltage Veeo 15 15 \%
Emitter-Base Voltage VeBo 5 \%
Collector Current Ic 50 50 mA
Collector-Power Dissipation Pc* 300 300 | mW
Collector-Power Dissipation Pe** 750 750 | mW
Operating Temperature Topr =55~ +125 —55to +125 °C
Storage Temperature Tx —55~ +125 —65to +150 °C

* per transistor. Value under 7. £25°C, In case of more than it, 3mW “°C derating shall be done.

++ per package. Value under T.

314

0°C, In case of more than it, 7.6mW ”°C derating shall be done at HA1127
Value under 7. <35°C, In case of more than it, 8.3mW /°C derating shall be done at HA1127P

@ HITACHI

Power Dissipation Pc (mW)

CHANGE IN THE COLLECTOR-
POWER DISSIPATION BY THE
AMBIENT TEMPERATURE

450

300

150

0 S 100

Ambient Temperature Ta (‘C)

150



HA1127 Series

M ELECTRICAL CHARACTERISTICS (Ta=25C)

Item Symbol Test Conditions Min Typ Max Unit
Collector -Base Breakdown Voltage Vigk con | Ie=10A, 1,=0 20 - - v
Collector-Emitter Breakdown Voltage Viuk ceo | Ie=1mA, Ryr=00 15 - - v
Collector-Substrate Breakdown Voltage Vigrocio | Le=10pA, 1,=0, 1,=0 20 - - V
Emitter-Base Breakdown Voltage V.sk eso | Ie=10pA, [.=0 5 - - V
Colleétor Breakdown Voltage Leso =10V, 1,=0 - | 0.002| 40 nA
Toro Vee=10V, Ryr=o00 - - 0.5 #A
Collector-Emitter Saturation Voltage Ver we I-=10mA, Iy=1mA - 0.17 Ay
I-=1mA 0.72
Base-Emitter Volt Vv, V=3V v
ase-Emitter Voltage . P T —Toma - 080
I-=1mA 40 140
Forward Current Transfer Ratio b Ver=3V n
Io=10mA 120
Gain Bandwidth Product fr Ver=3V, I-=3mA 460 MHz
Collector Output Capacitance C. Vew=3V, 1,=0, f=1MHz 1.7 pt
Emitter Input Capacitance C. Vew=3V, I,=0, f=1MHz - 2.0 pF
lon 5
Switching Ti b 10 122 -
wite t. 5
e tme 2 10101 = - 101, = 10mA =
[P 75 ns
SWITCHING TIME MEASURING CIRCUIT RESPONSE WAVEFORM
6k T Oscilloscope - 909
N
P.G. . 50 6k 1k Input
',3','@1,2"5 0002 | 0002 0 " 10%
duty ratio$10% ol it
Zou =500 +§)— —§)+ Yo R0 —90% 0%
Vens = Vee Clu Output . ™ 10% 10%
=t
Lou
t——tasr

OPERATING CONDITIONS

Symbol I 15 | Iy, Vi V.qu Vi
Unit mA mA mA 4 Vv Vv
Bias 10 +1.0 -1.0 10.3 -6.0 +13.0
EMITTER. GROUNDED STATIC EMITTER GROUNDED STATIC
OUTPUT CHARACTERISTICS(1) OUTPUT CHARACTERISTICS(2)
50 S — 10 — v
o 1 o 1 /]]]
; L ] L~
P e . NI ) // /]
a0 - = — {
B (2 z o 1 / /
ny  si=ann i aayeal
Lo // = . ot 4 —
W N e // /
L? » /) (; . 0.03 —1 // /
g > 02 5
E / E o A /
S 3 //
10 ImA z 0.01mA ]
{ |
Iy=0 ly=0 i
0 1 2 3 4 0 5 10 1 20 25 30
Collector to Emitter Voltage Ver (V) @H'TACH' Collector to Emitter Voltage Vce (V) 3]5



HA1127 Series

COLLECTOR-EMITTER VOLTAGE VS. FORWARD CURRENT TRANSFER RATIO VS.

BASE CURRENT COLLECTOR CURRENT

32 240 —

N Vep =3V

28 ~ ,
<2 z ~ T
B _—” SLHIN
3 20 3 mal N
= ' < I~y \
s 16T - o120
é il [ = FHiE 5 'E Nh"""'"\ ~25 ™~
R | i : H T ~.>.\\ N
R \ N é Tl \\

P~ o

2 N =l 40

0.4 ILIBN WiiNe S=mEi i

0005001 0.02 005 0.1 02 o.sE I S S I TN 0% 10 5 10 20 30

Base Current [s (mA: Collector Current Ic imA?

COLLECTOR TO EMITTER SATURATION BASE TO EMITTER VOLTAGE VS.
VOLTAGE VS. COLLECTOR CURRENT AMBIENT TEMPERATURE
E 2,000 ] 11
- Ic=10lg
g 1000 o —
i Z/ E I~ 50
ki Z, w
;; 500 //; . ?‘ I S -
5 ‘V/ Z 2 e e
2 = ~
s, %,/V I NS NI T
2 1’/// 5 ‘Q}\‘\\\ N
< A = ~ 7
£ 100 I =220 4 0.7 Q%\’ \\'\\
& H i /‘\0_5‘ \1\\
=== E ERSSNNN
5 ==ccu 0.6 T
= ~J
S b
510 10 20 50 e 25 30 75 100 125
Collector Current Ic (mA) Ambient Temperature Ta (C1
GAIN BANDWIDTH PRODUCT VS. INPUT OUTPUT CAPACITANCE VS.
COLLECTOR CURRENT VOLTAGE
500 25 SR
- I~ I ; /= 1MHz |
= —~ [~ Cillc=0)
Z 00 _'5 20 - 1l
: o7 o e
& \ S d P Cas (£ =0)
\ L E
2 300 g s 1S ]
< R
E \\ is
2 200 CE
& 18
° 100 \ E 2 05
Vee =3V 838
° 0
10 20 50 0.2 0.5 1.0 10 20

Collector Current Ic (mA) Collector to Base Voltage Ven (V)

Emitter to Base Voltage Ves (V)
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HA1127 Series

SWITCHING TIME VS. COLLECTOR CURRENT SWITCHING TIME MEASURING CIRCUIT
p—0 to Oscilloscope
10 T T3
AR S : 2
5 A +9V.
- i it

- N NG y -t S
j N N S & ':;(‘;?0‘::‘ = ;5 * =wov U ‘CI?;F
- < duty ratio$10% T
E ool NG s
= h e
g 005 - ~ RESPONSE WAVEFORM
: NI -

0.02 [

0 A 10%
0.01
.—l‘—-1 p———lars
00055515 1 20 3 — s0% o
Collector Current Ic (mA)
0— 10% 10%
L L

@ HITACHI 317



HA16605W es.ne: contorer

Recently burner control equipment has been improved and
required to obtain small outline, high performance and multi
functions. And now, electronic burner controller is going to
become more popular to save energy and to have better
safety functions.

The HA16605W is a one chip monolithic IC, integrated of
the sequential control part in the burner control equipment.
This IC has four sequence control modes, so that it can
provide functions for various burner systems.

In each mode, failsafe functions are provided. And this IC
has capability 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

built in.

Comparators are built in.

Provides safety functions.

@ BLOCK DIAGRAM

Input
Terminal

Output
Terminal

S
'
|
1
!
|
1
|
I
|
1
1
!

Input Interface Circuit

@@@ﬁ?@@@@

I

Terminal

E]

°
c
o
=
®
a
=

1L
|® 6 & & O]

&
[

i PIN ARRANGEMANT
o
[
s[5 18] FDu
vee [4]
e [5) 16] T

v
‘\IME 12| NC

GND {10

(Top View)

318

(DP-20)

B PIN DESCRIPTION

Pin No. | Symbol Description

1 P Decoder input to discriminate four
kinds of control sequence.

2 NC Non Connect

3 s Decoder input to discriminate four
kinds of control sequence.

4 Vee Power Supply

5 EVs Power transistor output for driving
the magnetic-valve.

6 1G+ Power transistor output for driving
the ignition equipment

7 RUN* Power transistor output for driving
the operation lamp

8 M Power transistor output for driving
the blower motor

9 ALM * Power transistor output for driving
the alarm lamp

10 GND | GND

11 CP Clock signal(50/50Hz)input

12 NC Non connect

13 EM Emergency stop signal input
Output of the water temperature

14 WTe detection signal

15 wT Input of the water thermo signal

16 T Input of the reference voltage for the
water thermo and for the safety thermo

17 ST Input of the safety thermo signal

18 FD. Output of the flame detection signal

19 Fh< Input of the flame detection signal

20 FDG& Input of the reference signal for the

flame detection

*Open collector output of

@ HITACHI
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HA16605W

M ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit Applied Terminal Note
Supply Voltage Vee 7.0 V | Vee
—0.5 to Vec+5.0 CP, EM
Input Voltage Vin —0.5 to Vec+1.0 VvV |P, S
—0.5 to Vec+3.0 FD&, FD&, T, ST, WT 1
Output Voltage Vo, —0.5 to Vec+3.0 v FDe, WTec
—0.5 to +25 IG, EV, RUN, M, ALM 2
2 FDec, WTe
Output Current Lou 75 mA |IG, EV, M, ALM
100 RUN :
Power Dissipation Pr 500 mW
Operating Temperature Range Topr —20 to +75 °C
Storage Temperature Range Te —55 to +125 °C
Notes! 1. Internal impedance of the drive source should be more than 1kQ.
2. Allowable value when the output transistor is in OFF state.
3. Allowable value when the output transistor is in ON state.
BMELECTRICAL CHARACTERISTICS
Item Symbol Test Condition min max Unit | Application Terminal Note
Low Vie — 0.6
Input Voltage V | CP,EM 1
High Vin 2.8 —
Input Clamp Voltage Vie Iic=—12mA -1.5 — V | CP,EM
Vee=4.5V, oL =2mA — 0.3 V | FDc, WTe
Output Voltage (Low Level) Vou Vec=4.5V, oL =T5mA - 0.7 V | IG,EV,M,ALM
Vee=4.5V, Io.=100mA — 0.7 V | RUN
Low Im Vee=5.5V, V. =0V —200 — HA
Input Current CP,EM
High Iin Vee=5.5V, Viu=5.5V - 100) A
Vee=5.5V, Von=8.5V - 0.2 uA | FDc,WTc
Output Current (High Level) Ton Vee=5.5V, Vou=20V - 50| #A |IG.EV,RUN,M
Vee=5.5V, Vou =25V - 1.0 mA | ALM
Comparator Input Bias Current Lis Vee=5.5V, Vi=0V -250 — nA 2
Comparator Input Offset Voltage Vio Vee=5.0V, V.y=1.4V — 10 mV 3
Comparat‘or Common Mode Input Voltage Veu 0 | Vee—1.6 \ 3
Supply Current Iec | Vee=5.0V - 70| mA
Power Supply Voltage Vee 4.5 5.5 \
Maximum Clock Frequency fer 10 —| kHz
Notes: 1. Low and High signal levels applied to terminals CP and EM.
2. This item is applied to the inputs of comparators, FD+. FD—, T. ST and WT.
3. These items are applied to FD++=+FD—, T++ST and T<=WT of the comparators.
@ HITACHI 319



HA16605W

B SIGNAL STATES AND LEVELS OF I/0 INTERFACE

Interface Block

Terminal Name

Signal State

Signal Level

Decod Connect to Vcc at “1” level input, and to GND at “0” Vinz4.0V
ecoder level input. ViLs2.0V
Clock Interface CP
Vinz2.8V
E EM Emergency state is detected at Low level input on this Vit<0.6V
mergency Input terminal, and ALM output turns ON.
FDP High level on this terminal turns the sequence to the flame
detected state.
Comparator ST Low level on the inverting input turns the ALM output ON. [ 0= Veu=Vec—1.6V
WT Low level on the inverting input turns the all sequence
Reset.
Dri EV, IG, Output OFF equals to “1” level.
river RUN, M, ALM Output ON equals to “0" level.

B SYSTEM CONNECTION

320

Vi -

Veo o

< 2
*3 "—\J_’_l_{
,L—EP TR ED
*2 . E
Gve  ro-[i5} -
3]s FDc [18
17 —
4 |Vee ST _ll'
1 5 |ev T[16}—
m
.
r_7_RUN wre [1a}— 4[5
%M Em[13 r
—{s]am ez 3 P () EJ
10]|ehp  cp[n L
HA16605W 'I’ 'l'
Clock Pulse ~SL -1- Emergency Stop
(50/60Hz) L)

*5

LED for alarm lamp.

Signal

LED for operation monitor lamp.

Relay coils to drive the electromagnetic-valve, the ignition equipment and the blower motor.
Device for flame detection e. g. Cds

Thermistors for detection of water temperature.
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HA16605W

B SEQUENCE TIME TABLE

Sequence Code | P 0 P 1 P 0 P 1
Item S 0 S 0 S 1 S 1
Pre-purge Timing 8 sec 17 sec 17 sec 68 sec
Ignition Timing *1 9 MAX 4 MAX 8 MAX —
Post-ignition Timing — - 17 170
Sa’iety Switch Timing 9 4 8 -
Ignition Return None None Possible -
Pre-purge Return Provided Provided Provided -

Note) *1 Ignition should be turned off at the same time of flame ON.
%2 All values shown in this table are measured under the condition of that:
clock input : f= 60Hz (commercial frequency)

Il SEQUENCE CHART
e P:0, S:0

[J
R
-
@
o

@ @
38 0 8 17 2 0 17_21
: A - — : v —
VALVE
B2 oA — 32 GN —
25, 22
£C 8| RUN Z£8 | RUN
225 | Fop @3 s | F-D ]
“ 32 “3 | TH R
53| TH = — ) v
259 | ALM — a 3259 | ALM —
Reset to
z 0 8 17 initial 2 0 17_21
2 T T —— state 2 T T —
] VALVE | ____ 7t T — ] VALVE + I
& — ] ey
= RUN ] = = RUN -
£3 1":‘0 —_— T — £ !I‘_HD - .
< H — 5 — —
22 ALM o ! 2 ALM
Pre-purge return
5% v 8 Se 0 17 21
AN ® —— | -
S| VA | —/ ey S VALVE | = —
@58 | IGN —/ 25 3 N L
E=2-T | RUN —_— E2 2| RUN _—
Sk sezE RY 1=/
= ?0’: F-D _— '~ c = bo|
st | TH L— 2igy| At p—
. N pa—— I
gl A 0 =532
H o 3 17 e 0 17 21
223 ¢ T —____ 23 -
£z AlVE . Bz
— — = VALVE |———__ = r—+————————
L) WNVE I e @ 5% | IGN n
i > 27 | RUN e
2o | RUN = —_____ &0 R
w2 | R —_— — Swe | FD -
25z | TH —_ Ty | TH ——
E35 | ALM £52 | AMm

Note) The values in the Time Chart show the operating time (in second)
at f=60Hz clock input.
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HA16605W

FAN —
| VALVE | —4 —
2= IGN I |4 /)
.ol RUN —
FREALE I AT
G Al
BT
$25e
318
P23
H Lo
At
e Eh —_ | S
s — —
322 G HITACHI

® P:0, S:1 oP:1, S:1
[ 17 5 o 0 68 170204 )
- FAN e — 2 FAN _r L
i VALVE — g VALVE |___r— LT  I—
Zuwd| IGN — _w | HEATER |
§522| N 52 RUN =
Sgia| B9 A A —
2228| TH = I ss H T I —
ALM - p—_—— ALM
[
3 0 17 25 34 o 0 68 170
< AN 5 o - o —
g VALVE | o 22 [ DAN e -
w | N | — 555 |HEATER | !
a5 RUN — 1 ZEg | RUN T
EER I — — EpoE|ED :
K] o, I =i I
z0n ALM E:; < 5| ALM
< 0 17 34 s 3 8
353 N | S FAN |
S| VALVE | T T I 2% | VALVE I
L§ER| IGN - — =5 8 | HEATER | _—————
5¥°7T| RUN — t 225 |[RUN T
SwgZ| FD ! ; o 52wl Fip
stEL| TH Ny i ! - EL2Z|TH I 1
F3:2| ALM Eﬁ“ Sl ALM
. S o
— 223
Sg u L :8 i =5 0 68 170204
H - 5
2 AN T L 1 — Sz FAN T LA .
@ E8g| vALVE | ‘— » 3 VALVE
ERS S| IEN S ey e s W g HEATER | ————
5wt | RUN [ e, B o o — N 5¢ ;
Cww g : 2w RU T 1
~¥2%| pop I B e SSk | FD T iF
£5Eof TH I | S @83 | TH T h—
o | ALM ALM
$ w FAN 0 17 25 0 68 170 204
£ | A iF
s : VALVE | =— — 3 FAN 1 L
wot 3| IGN pA— T o | VALVE | |
ES2 | RUN T 2 ¥ | HEATER [T —
Sw38§| ED — Sp2 | RUN I -
P — 258 |TH 0 | —
£igfz| ALM I — Rl YR
S 2 0 17 25 3 = 0 70 204
: 2% Fan T I S 2 FAN —__r £ 102 I
S EZ| VALVE |—m g VALVE |~ /m
223® IGN [ s S—— S 5°% |HEATER | _— T -
ES27| RUN = 0 A S £ o RUN p— |
SwE2| P00 | 552 Fp =Sl —F
wEE | TH L SLoE|TH - r g I
£3E5| ALM £ 223 ALM
®P: *, S: x(in abnormal conditions)
[ 2 @ don't_care
- AN
° VALVE | ZZZ
5= IGN ZZ
=R RUN
PR F-D
5
5= ;“,Jl | —  —
ow g". —_— T
AlLM — T —
3
|-
e
22
3
53 -
S (. -
Qv




HA1 66 1 7 P 7 H A1 66 19 P @Fluorescent Display Drivers

HA16617P and HA16619P are fluorescent display drivers
operating in high voltage which use positive and negative
power source, respectively.

B FEATURES

® Capable of driving fluorescent display tube directly
beca}:se 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.

M CIRCUIT SCHEMATIC (1/8)

®HA16617P
Vee
! Ry ————0 OUT
IN W
X
GND
®HA16619P
—o GND
Rz jE
i 0w ——Y e
R qQ
Qs
_ﬁ,
R3
YW —o OUT
R«
E3

(DP-18)

EPIN ARRANGEMENT

O®HA16617P

INI [I
IN2 E
IN3 E

INg |4

181 OUTIL

[17] our2
[16] ouTs
[15] ovrs
4] ours
[13] oute
[12] ov?
[11] o

o] e

®HA16619P

(Top View)

i [
IN2 E
IN3 [Z
INg E
INS E
e [6
it [7]
IN8 E
Vie E

1__8_| OUT1
z] 0uT2
E 0UT3
E 0UT4
E oUTs
[13] ous
2] ou7
(1] ous
E GND
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HA16617P,HA16619P

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA16617P HA16619P Unit
Supply Voltage Vee —0.3 to +65 +0.3 to —65 v
Input Voltage Via —0.5 to +10 +0.5 to —10 \Y
Output Voltage Vour —0.3 to +65 +0.3 to —65 \Y
Output Current* Lo —45 —45 mA
Power Dissipation** Pr 625 625 mW
Operating Temperature Topr —20 to +75 ~20 to +75 °
Storage Temperature Tas —55 to +125 —55 to +125 °
* When only one circuit turns ON.
% % Value when Ta<50°C. Derating curve above Ta=50"C shall be 8.3mW/°C.
B ELECTRICAL CHARACTERISTICS (Ta= —20 to +75°C)
. HA16617P HA16619P .
Item Symbol Test Conditions - - Unit
min typ max min typ max
Vee=60V, Vo257V 2.4 — — — — -
Vin A%
Vee=—60V, Vo= —55V — — — — —| =15
Input Voltage
Vee=60V, Vo3V — — 0.4 — — —
Viu v
Vee=—60V, Vo= —3V — — — —4 — —
Vee=60V, V..=2.4V — — | 0.22 — — - A
m
LIin Vee=60V, V,,=5V — — | 0.45 — — —
Vee=—60V, V.,=—1.5V — — — | —280 — — | KA
Input Current
Vee=60V, V..=0.4V — — 80 — — —| KA
Ii. Vee=—60V, V..=—4V — — — | —1.2 — —
mA
Vee=—60V, V..=—T7V — — — | —2.6 — —
v Vee =60V, Via=2.4V, Jo=—40mA 57 | 58.5 - - — — v
o Vee=—60V, Vo= —4V, o= —40mA | — — -] -3l —
Output Voltage
V. Vee=60V, V..=0.4V — — 3.0 — — — v
o Vee=—60V, V= —1.5V - —| =] -] -] =
Iccoorry Vee=60V, all Circuit V..=0.4V — 0.04 0.4 — - — A
m
Ieecorr Vee=—60V, All Circuit V.,=—1.5V — — — | —-1.3 — —
Quiescent Current —
Icciony Vec=60V, One Circuit Vi.—2.4V — — 4.0 — — - A
m
Ieecomy Vee=—60V, All Circuit V.= —4V — — — —12 — —
B APPLICATIONS
®HA16617P ®HA16619P
ov +55V
T T T +5V
Vee( Vo) Vee Veel Vaa: . GND .
IN oUT Fluorescent o IN OUT Fluorescent
TTLG;B CMO H.‘(\;l:g”? Displray Tube TT[Z;:»I) CMO! H.A:iilQP Display Tube
i_‘——_, lo v l - 55\
-5V
T +5V T +60V ov
Vee( Voo) Vec Vee! Voo GND B
IN OUT Tuor IN orT Fluorescent
TTLG?\IrDCM(“‘ HACl;(li)WP [;s;’lais?u“‘:e TT[E;%B CMOS HA‘lieElsP Display Tube
r——J l*S\' l - 60\
ov
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HA16617P,HA16619P

EBASIC CIRCUIT

Adbcd & Tab 1 ﬂpcdgn-fab ! ned ek
i | T | T

(a) Static Type

Vee
fab
Use as the
Use as the Segment Driver ¢ Vec
Segment Driver
-HALB61TP B -IITT
I—C—O——ﬁ T -
g p==% Tt
- - zﬁ-— L
= = ”;
"HAL6617P ”
Grid Driver ====
P o Yo S = -T = == r---
)2 N Ve
e i N q
s b S SR
[ J B -
VL
(b) Dynamic Type
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HA16721MP, HA16722M

® 32 Output High Voltage Driver
IC for Flat Display

HA16721MP and HA16722MP are good for a flat display,
especially a driver of vacuum fluorescent display (VFD).
High speed logic circuits operating at lock frequency of
5MHz and push-pull output circuits of 150V high voltage are
integrated in one chip. By using small package (MSP) they

are fit for high reliability, high density mounting.

®m CHARACTERISTICS

HA16721MP

HA16722MP

* 150V high Voltage
push-pull outputs.
* BMHz high speed data

* Logic circuits are
operated at 5V.

* It is good for anode
driver for VFD.

operated at 5V.

for VFD.

+ 150V high voltage
push-pull outputs.
* 25mA high output

transfer. current drive.
* It has 32 push-pull * It has 32 push-pull
outputs. outputs.

« Logic circuits are

« It is good for grid driver

B ABSOLUTE MAXIMUM RATINGS (7.=25°C)

(MP-44)
HPIN ARRANGEMENT
) .
= Z 3
83 =5€% B 33 ¢ 8
28830 &5 5 3%
onoz (6 5 4 3 21 44 43 42 41 40 39) GND2
Output 1|7 O 38 | Output32
Qutput 2 |8 37 | Output31
Output 3 |9 36 | Output30
Qutput 4 |10 35 | Output29
Qutput 5 | 11
34 | Output28
Output 6 |12 33 | Output27
Output 7 |13 32 | Output26
Output 8 | 14 31 | Output25
Output 9 |15 30 | Output24
Output10 | 16 29 | Output23
1!
Oupotld (U715 19 20 21 22 23 24 25 26 27 25) 02
AIZLE S 238 3
5 85 5 5 5 5 8 5 5 3
888858 8 g 8 & 2
5 5 5 5 5 5 5 5 5 3
SS oSS & & S S o
(Top View)

* Latch is used in HA16721MP only.

Item Symbol Rating Unit
HA16721MP HA16722MP

Logic Parts Supply Voltage Veer 7 7 \%
Driver Parts Supply Voltage Veee 150 150 v
Logic Parts Input Voltage Vin —0.3to +7 —0.3to +7 \4
Logic Parts Output Voltage Vb out 7 7 \4
Driver Parts Output Voltage Vour 150 150 v
Logic Parts Current Supply Terminal Vabs 7 7 v
Logic Parts Output Current Ipsource -2 -2 mA
Logic Parts Output Current IDsink 2 2 mA
Driver Parts Output Current Tosource -1 —25 mA
Driver Parts Output Current Tosink 2 2 mA
Power Dissipation Pr 750 750 mW
Operating Temperature Range Topr 0to +70 0to +70 °C
Storage Temperature Range T —55to +125 —55to +125 °C
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HA166721MP, HA166722MP

HBLOCK DIAGRAM
® ANODE CIRCUIT (HA16721MP)

Logic Driver

Parts Parts Logic Parts Current Supply

Power Power Vans=Vear

Supply Supply,

Veer Veez Veea Vaps
DATA B D Q D Q—-———- —p q D Q
] - R _ _ - - s TA
' Input ) Q ¢ Q @ d ¢ ¢ o
Buffer o
Output

CLOCK B y : - ol

LATCH

O

GND1 GND2  GND2 OUTI 0UT2 to ouT3! 0UT32

Logic Driver'

Parts Parts

GND GND

FUNCTION
Total 44 pins (&A“) CLOCK LATCH CLEAR (ouT)"

* * * L L
* e * H oum)™!
* TN L H (DATA IN)"
* L H H (out)y
L O TN H L
H N ﬂ\___ H H
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HA166721MP, HA166722MP

® GRID CIRCUIT (HA16722MP)

Logic Driver

Parts Parts

Power Power (Logic Parts Current Supply
\Supply

\Supply, Veer=Vans )
Veer Veez

Veez Vaps

DATA
N B D Q D Qf—-—=-—- —D Q D qQ {>_( DATA
Input F; - e QL e Q- IR E— 0
B\l:ffer |— ¢ Q r B:;'F::_‘
CLOCK ()—i B . G I L___

GND1 GND2  GND2

O
OUT1 ouT2 ° OUT31 0uT32

'Logic

Parts (Dn‘ver Pars)

GND GND

FUNCTION
Total 44 pins n
(K'ATA) CLOCK CLEAR tOUT)"
*

L I

»* H (ouT)!

_/—
L TN H L
TN

H H
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HA166721MP, HA166722MP

BELECTRICAL CHARACTERISTICS

(Ta=25°C, Vec1= Vaps=5V, Vec2=130V : Unless otherwise specified)

®HA16721MP
Item Symbol Test Condition min | typ | max | Unit A’I[Iplic:«:{tion
erminal
Input [H] Voltage Vin 20| =] =1V IpATAIN,
Input [L] Voltage Vio - —| 07| V |LATCH,
Input [H] Current Iy Vi =2.0V - — 10|xA | CLOCK,
Input [L] Current I Vie =GND —400|—200] —|uA | CLEAR
Output [H] Voltage Vou Ipn=—400uA 2.4 — —| V | DATA-
Output [L] Voltage VoL IpL=1mA — —| 04| v |OUT
Output [H] Voltage Vou ITon=—1mA 125 - -1V OUTPUT
Output [L] Voltage VoL ToL=1mA — — 2 v
Logic Parts Quiescent Current Iccr (Including Zapy) - 55 80| mA
Driver Parts Quiescent Current Icce OUTPUT all “L” - 2 3|mA
Logic Parts Operating Supply Voltage Range| Vecciopr (= Vabpiopr) 4.75 5| 525 V
Clock Frequency feLk - - 5|MHz
Clock Pulse Width twerk 100 — —| ns
Set Up Time tsu 60 - —=| ns
Hold Time th 60 - —| ns
®HA16722MP
Item Symbol Test Condition min | typ | max | Unit A,F:i:}?:}:;n
Input [H] Voltage Vin 2.0 - - Vv DATA-IN,
Input [L] Voltage ViL - —| 07 V [CLOCK,
Input [H] Current In Vin =2.0V —| —| 10/pA |CLEAR
Input [L] Current I Vin =GND —400| —200 — | uA
Output [H] Voltage Vou Ipn=—400uA 2.4 - —| V | DATA-
Output [L] Voltage VoL Ip=1mA -| —| 04/ v |OUT
Output [H] Voltage Vou Ton=—20mA 125 - - Vv OUTPUT
Output [L] Voltage VoL ToL=1mA - — 2V
Logic Parts Quiescent Current Icct (Including Zaps) - 50 75| mA
Driver Parts Quiescent Current Icc2 OUTPUT all “L” - 2 3| mA
Logic Parts Operating Supply Voltage Range Veer opr (= Vabs opr) 4.75 5( 5.25| V
Clock Frequency feLk - - 1| MHz
Clock Pulse Width twerk 500 - —| ns
Set Up Time tsu 250 - —1| ns
Hold Time th 250 - —| ns
HPIN EXPLANATION
Symbol Pin Name Remarks Symbol Pin Name Remarks
Veer Logic Supply Voltage Veee Driver Supply Voltage | Connect with 5pin, 40pin
GND1 Logic GND Connect with GND2 GND2 Driver GND Connect with 6pin, 39pin.
Vaps Logic Current Supply | Connect with Vcei CLOCK Clock Input
LATCH Latch Input Only HA16721MP CLEAR Clear Input
DATA-IN | Data Input DATA-OUT | Data Out
OUTPUT | High Voltage Output NC No connect Only HA16722MP Open
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HA166721MP, HA166722MP

B TIMING CHART

®HA16721MP

CLOCK I I

iy

DATA-IN

4 /

LATCH

CLEAR

OUTPUT

CLOCK

DATA-IN

® HA16722MP

CLOCK

DATA-IN

CLEAR

According to the DATA-IN
of oblique line, OUTPUT
1~32 become L or H.

twerk twetk

OUTPUT(1)
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HA17555 Series erion time:

HA17555 is an IC designed for accurate time delays or
oscillations.

It provides both of trigger terminal and reset terminal in
order to enable a wide scope of application including Mono
Multi Vibrator and Astable Multi Vibrator, and the number
of external components is fewer. Further, it's compatible
with NE555 of Signetics.

Industrial Use: ... ........ HA17555GS, HA17555PS
Commercial Use: . . .. ............... HA17555
M FEATURES

® Mono Multi Vibrator can be constructed with one resistor
and one capacitor.

® Astable Multi Vibrator can be constructed with two re-
sistors and one capacitor.

® Delay time can be established widely from several

useconds to several hours.

Pulse Duty can be controlled.

The maximum value of both sink current and source

current is 200mA.

Direct connection of output to TTL is possible.

Temperature/delay time ratio is 50ppm/°C (typ).

Output is normally in the ON and OFF states.

B APPLICATIONS

Delay Time Generator (Mono Multi Vibrator)
Pulse Generator (Astable Multi Vibrator)
Pulse Width Modulator

Pulse Location Modulator

Miss Pulse Detector

B BLOCK DIAGRAM

8 5

Vee Control
T Voltage
!

Veer
R
4
6 Compa- = Reset
Threshold o— rator A X

Compa-

2
Trigger
rator B
N il

7
Discharge
——‘ Flip- flop ’

Output

Output lC.\JD
3 1

HA17555GS
(DG-8)
HA17555PS
HA17555
\
\
(DP-8)
W PIN ARRANGEMENT
N\
L] B
(] ]
] <]
[] ]
(Top View)

GND Terminal

Trigger Terminal

Output Terminal

Reset Terminal

Control Voltage Terminal

Threshold Terminal

Discharge Terminal

(N[O [ |a|w|t |-~

Ve

Terminal
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HA17555 Series

B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol 1HA17555GS | 2)HA17555PS 2)HA17555 Unit
Supply Voltage Vee 18 18 18 \Y
Discharge Current I 200 200 200 mA
Output Source Current Lource 200 200 200 mA
Output Sink Current J 200 200 200 mA
Power Dissipation Pr* 600 600 600 W
Operating Temperature Tope —20 to +75 —20 to +75 0to +70 °C
Storage Temperature Tk —65 to +150 | —55 to +125 | —55 to +125 ‘C
1) Value under the condition of Ta £35°C. In case of more than it, 6.7mW/°C derating shall be performed.
2)° Value under the condition of Ta £60°C. In case of more than it, 6.7m\W/°C derating shall be performed.
B ELECTRICAL CHARACTERISTICS (Vic=5 to 15V, Ta=25C)
Item Symbol Test Condition min typ max Uuit
Supply Voltage Vi 4.5 16 Vv
V=5V, R =c0 - 3.0 6.0
Supply Current * I - mA
Vee=15V, R, =00 10 15
Timing Inherent Error 1.0 2,
Error ** Ta Dependency E, Ta= 20 to +75C - 50 ppm/°C
Voltage Dependency Vie=5 to 15V 0.01 % /V
Threshold Voltage Vi 2/3 xVee
T Vol v Vee=15V 5.0 v
t
rieser ToTee ’ V. =5V R
Trigger Current I, 0.5 KA
Reset Voltage Vi 0.2 0.5 1.0 vV
Reset Current I 0.1 mA
Threshold Current I, %+ 0.1 0.25 HA
Vie=15V 9 10 11 ,
Control Voltage Voo \
Vio=5V 2.6 | 3.33 4.0
0.1 0.25
0.4 0.75
Vie=15V .
Vi I...+=100mA - 2.0 2.5 V
.= 200mA 2.5
Output Voltage Vee=5V, I.,u4=5mA 0.25 0.35
B 1 =200mA - 12.5
Voe=15V
Vi I....=100mA 12.75 13.3 v
Vie=5V, I....=100mA 2.75 3.3
Output Rise Time t, X 100 ns
N . No loading
Output Fall Time tr 100 ns
Oscillation Pulse Width b rxx 10.0 HMs

% When output is Low (\When it is high. [.. is lower by ImA typically.)

* kR R, 1k to 100k2, C
*k kiR, RO oat Vo

0.1pk, T

15V is determined by the value of Ith. It is 20MQ max.

* % % % Output pulse width at mono multi circuit Output high level pulse width at astable circuit
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HA17555 Series

B CIRCUIT SCHEMATIC H
(Contral)
80 . .
(Vee) L
‘ Re SRue
Qs )
Q > 2 Qi
offe Q22
Rio Rus
223
Ru
60 IQ:‘
(Threshold) CNB 03
Qs { Output)
T o e
20 Qu Q2 >—-’<Q,,
(Trigger) Ris
40—’&_‘ Quo Qn "—K Qie Q24
(Reset)

7 ) } Qis 2
(Disch s
'SCI“SG Qie iks Rs Rﬁ
(GND) > 7 7r  Ir Vecd

Ru
4%%%
DERATING CURVE QUIESCENT CURRENT VS. SUPPLY VOLTAGE
700 12.0 —T—
Vou : Low Level
600 100 A7
—~ N N <
gE X A /
£ 500 ¢ < Ta= 20’
& %("’4, N £ 80 2;4 /G/
5 40 £ A lasc
2 A £ 6o L \
gf 300 e j——:‘ﬁ‘fﬂ ? - 75
g ZaaavCRaRs § o
¢ 20 Ko H Hp
L N 3
100 < N 2.0
0 20 40 60 80 100 120 140 ’53 10.0 15.0
Ambient Temperature Ta (°C) Supply Voltage Vee (V)
SUPPLY VOLTAGE (V. )-OUTPUT OUTPUT VOLTAGE (Vo ) VS.
VOLTAGE (Vov) VS. SOURCE CURRENT SINK CURRENT (1)
2.0 10
) T
= o= -20C
3 1.6 [ | 1] 3
ga L =
> et » - 0
>; 12 % =af S l
3 i £ 0
< 75 2
i 08 F
i g w
= SV<Vee <is =
z 04 =
E 0.03
"
0 0.01
1 3 10 30 100 1 3 10 30 100 300 1,000
Source Current liouwree (mA) Sink Current Luat (mA)
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HA17555 Series

OUTPUT VOLTAGE (Vo) VS. ’ OUTPUT VOLTAGE (Vo) VS.
SINK CURRENT (2) SINK CURRENT (3)
0 F 1 =
t_'ig':lév'i_gy —r Vee =15V HH
3 ‘ | 3
> ] : ?# i l|
2 10 : ; > 10 }
= T - e s e o o b
& 1 3 — R i i T
;: 03 ] TRIET 74 f i; t ! %{J 03 V=75 /rl
2 11 >
E R | 8/, S " ERR | 740
: : 3 AT 25"
7z, 25°C = — 81—
Y A 0.03
0.03 2 L
4 ! l
0.01 | 0.01
1 3 10 30 100 300 1,000 1 3 10 30 100 300 1,000
Sink Current Lum (mA) Sink Current it (mA)
RELATIVE DELAY TIME VS. RELATIVE DELAY TIME VS.
AMBIENT TEMPERATURE SUPPLY VOLTAGE
1015 L0153
v t
Loto “ 1010
\
o \ -
£ oot — g 1005
z N N - =
2 N — i z 1.000 —
1000 P + + a1
: ] L E E—
] te =t A b z
E J.r L s
0,995 ——1 & 0.995
A -
0.990 } i - 0.990
| b | L
0.985 L | | 0.985 ]
30 5 10 15 18 ~20 0 20 6 60 80
Supply Voltage Vee (V) Ambient Temperature Tu (‘C)
MINIMUM TRIGGER PULSE WIDTH VS. PROPAGATION DELAY TIME VS.
LOW LEVEL TRIGGER VOLTAGE LOW LEVEL TRIGGER VOLTAGE
200 300
Z 10 2 /
= @ 200 -
E: £ Ta=-20C /7
n_..: 100 2 ——— 7 -
% Ta=-20"C -1 § //( o
& _— [T ,/ \-
: | | —— e
S 50 = Z/S'C ] -y
5°C i
0 0.1 0.2 0.3
’ 0.1 0.2 0.3 0.4

Low Level Trigger Level (XVcc)
Low Level Trigger Voltage (X Vecs
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HA17555 Series

EDESCRIPTION OF HA17555 OPERATION

HA17555 is an Integrated circuit which can provide accurate
a time delay and oscillation. As for time delay or mono
multi operation, output pulse width can be determined by an
external resistor and a capacitor. At astable operation,
oscillation frequency and duty cycle can be controlled by
two external resistors and an external capacitor separately.
It is posgible to attract and induce 200mA current by output.
And also, operating voltage can be used at a wide range of
supply voltage, 5 to 15V. Particularly when supply voltage is
5V, output level is compatible with TTL input. ’

HA17555 consists of reference voltage circuit, two kinds of
comparators, flip-flop, output circuit, reset and discharge
circuits.

1. Reference Voltage Circuit

Supply voltage is divided into three by 5k resistance of R,
R; and R,. The edge of (2/3) Vcc is connected to compara-
tor A, the edge of (1/3) Vcc is connected to comparator B.
And (2/3) Vcc is drown out as a control terminal. By im-
pressing bias at (2/3) Vcc from the outside, it is possible to
change threshold level and trigger level of comparator.

2. Comparator A

Comparator A consists of Q, and Qg, R,, R,, R, and R;.
The base of Q, is connected to reference voltage (2/3) Vcc.
It switches when voltage of threshold terminal switches (2/3)
Vcc off. In other words, when voltage of threshold terminal
is beyond (2/3) Vcc, Q, and Q, which have been cut off is
turned “ON", and Q, and Q, are turned “OFF". So, Q, is
turned “ON"’ and resets flip-flop.

3. Comparator B

Comparator B consists of Q, through Q,;, R, and R,. The
base of Q,, is connected to reference voltage (1/3) Vcc, it
switches when voltage of trigger terminal cuts (1/3) Vcc off.
In other words, when voltage of trigger terminal decreased to
less than (1/3) Vcc, Q,, and Q,, which have been cut off are
turned “ON". Q,, and Q,, are turned “OFF". So, trigger is
supplied to the set side of flip-flop from the collector of Q,,,
and flip-flop is set.

4. Flipflop

PS flip-flop consists of Q,,; through Q,,, R, and R,,. Itis
stabilized when Q,, is turned “ON" and Q,, “OFF”, by
reset signal from comparator A. On the other hand, it is
stabilized when Q,, is turned “OFF" and Q,, “ON", by set
signal from comparator A.

5. Output Circuit

Output circuit consists of Q,, through Q,,, R,, through
R,s. Output level is determined, according to the state of
output transistor Q,, of flip-flop. When Q,, is “ON",
output level is “Higg", and when Q,, is “OFF", itis “Low".

6. Reset

By making reset terminal “‘Low’’ level, prior to any other
input, the reset function can make it ““Low’ level and start-
ing point of a new cycle.

7. Discharge Circuit

Discharge circuit can discharge or charge timing constant con-
nected to the both edges, by “ON" or “OFF"” of Q,,. Q,, is
turned “ON" and discharged at “Low’’ level or when the
above reset is made.
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HA17555 Series

@ AN EXAMPLE OF OPERATING CIRCUIT
1. Mono Multi Operation

Vee
Q
(4) (8) Ri2 R,
Reset Vee
Output 3 -O Qutput
(). .
Input o———Trigger
Discharge|
7
(5)] Control n
Voltage
Threshold
0.1uF 6)
" GND © 1 c
Fig.1 Mono Muilti Circuit
100
10 %E
1 ===z N
&
t
il
i
- 8
% 100m > ===scs
: v 7 v /
E / adilliesg /
Z Im
3
/ Ny
Im
4
/
1004
10u
0.001 .01 .1 0 100

Timing Capacitance (" (u«F)

Fig.2 Output Pulse Width vs. Timing Capacitacne

Fig. 1 shows a mono multi circuit using HA17555, It is
assumed that the external capacitor C is discharged by dis-
charge transistor Q,, inside IC in the beginning.

By adding trigger terminal to negative-going input trigger
pulse, flip-flop is set and Q,, us turned “OFF"”. Output is
driven to ""High"'.

Capacitor C is charged through resistor R at time constant 7

= RAC. When voltage at both edges of capacitor C reach
threshold voltage of comparator A, flip-flop is 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 occurred, re-trigger could be made,
even if re-trigger signal is added during this period.

According to Fig. 1 and Fig. 2, output pulse width is deter-
mined to be tw = 1.1 RAC. If negative-going pulse is added to
reset and trigger terminals at the same time during mono
multi operation, capacitor C is discharged and mono multi
operation is occurred again at positive edge of reset pulse.
Output remains “Low’” as long as reset terminal is “‘Low".
When the reset terminal is not used, it is better to connect
reset terminal to Vcc in order to prevent miss operation.
Fig. 2 shows the characteristics of output pulse width when
the values of 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 Rp is added to the circuit shown in Fig.
1 and threshold terminal is connected to trigger terminal,
HA17555 operates as an astable circuit. Fig. 4 shows the
circuit construction of HA17555,

Capacitor C is charged through Ra and Rp, discharged
through Rp in this circuit. Therefore, duty cycle can be con-
trolled by Rp and RB. In Fig. 4, capacitor C charges and dis-
charges between threshold voltage (about 0.67 Vcc) and
trigger voltage level (about 0.33 Vcc). Fig. 5 shows a typical
example of astable operation. In this figure, time (t4) when
output is ‘‘High’" level, time (t[) when output is ““Low",
oscillation frequency (f) and duty cycle (D) are calculated as
follows;

t1=0.693(Ra+RB)C

1.=0.693R5-C

PR RT
(Ra+2RB)C

Duty Cycle D=—£§——

(Ra+2RB)
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HA17555 Series

5V 5V
Input
Ra=8kQ
C=0.01uF
RL =1kQ
Output
0 - R
Output at | ] i
Terminal C T -
(6pin)
sV 100us
(a) Vce =5V
T i T T
ISV ! (0% |
. I
i 1
Input l i
SVAiv) 0 fromee o ee e e S —
: : o
S S S S S B Ra =8kQ
™ : € =001xF
Qutput Ri=1kQ
(10V/div) i
0 t
Output at 4 :
Terminal C i |
(6pin o |/ l: | H
(
. 10V/div) l()IV ] : 100as
(b) Ve =15V

Fig.3 Operatioh Waveform of Mono multi circuit

(4) (8) ;I $r
> Rt
Reset Vee Ra 2 7
0 n Gutput
(2) il (EY
Trigger
! Discharge
(7)

Control

Rs 3
Open Voltage P q
! Threshold -
- (6; |
0.1uF GND L
- ¢
) » »

Fig.4 Astable Circuit

T T i
2V : i
[ |
;
L
: Ra=39kQ
| Rs =3.2kQ
Outpiit ! C=0.1uF
0 bt ; RL=1kQ
Output at s i | ! L i
Terminal C /g/‘{\‘i/'/\ [ P
(6pin) ! Lo T
0 !
v I 200us
I
tL tw
(a) Vec =5V
sv [ I
— " i
t f Ra=39kQ
Output ; X | Ry =3.2k2
t : T C=0.1uF
o ; R =1k
Output at
Terminal C 1 ’\\/
(6pin) -
0
ISV 200us

(b) Vce =15V

Fig.5 Operation Waveform of Astable Circuit

3. Cautions in Use

Such integrated circuit for timer as HA17555 type may
produce switching noise on power supply and GND line dur-
ing usage. In this case, abnormal output 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.

R
Rn “
¥ ERa
hg —1 8
Vee 12 7 JE Rs
T 3 6
—

C
0. Iu
Ra2

v R

R, : Power supply-output impedance
R, < 50mQ

R, . Ry, Lead wiring resistor
R, +R,, £ 100mQ

R,,. Ry, Substrate wiring resistor
R, + R,;, S 20mQ
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HA17 5 9 2 S e ries ®Ditferential Video Amplifier ~ — P reliminary—

HA17592 is a video amplifier for wide band with small
phasedelay and excellent gain stability. This amplifier HA17592G
eliminates external phase compensation and can fix the gain
100 or 400 without using external elements. If some ex-
ternal elements are used, any gain from 0 to 400 is available.
It finds main application in terminal units of computers,
interface or video amplifiers.
® IndustrialUse . . . ... .. HA17592G, HA17592P
® Commercial Use ... ... HA17592
EFEATURES
® Wide Band Width . . . . .. 90MHz
® Good Response.
@ Gain is Easily Adjusted in the Range from 0 to 400. (DG-14)
@ No External Phase Compensation.
HA17592P
HA17592
(DP-14)
B CIRCUIT SCHEMATIC (1/4) HPIN ARRANGEMENT
N\
é é V?c Input2 Ij El Inputl
§ é —K NCE 13 ] NC
K G2B E E G2A
K on 7 e
1
VEE] 5 10 | Vee
A [ o
NCE 9 |NC
GlA G1B Outl
AWV 0 OulputZE 8 | Outputt
Out2
Top Vi
GeA G2B Wy ° (Top View)
¢ -0
VEE
—O0
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HA17592 Series

BABSOLUTE MAXIMUM RATINGS (7.=25°C)

Item Symbol HA17592G HA17592P HA17592 Unit
Vee +8 +8 +8 \%
Supply Volta;
prly Yoltage Ver 8 —8 ) v
Common Mode Input Voltage Vinccm +6 +6 +6 A%
Diffex:ential Input Voltage Vintdifs) +5 +5 +5 \%
Output Current Lo 10 10 10 mA
Power Dissipation Pr 625*! 625*2 625*2 mW
Operating Temperature Topr —20to +75 —20to +75 0to +70 °C
Storage Temperature Tog —65to +150 —55to +125 —55to +125 °C
+1 When 7. is 70°C or more. The derating curve will be 7.6mW /°C
*? When T. is 50°C or more. The derating curve will be 8.3mW/°C
BELECTRICAL CHARACTERISTICS ( Vecc=— Vee=6.0V, T.=25C)
Item Symbol Test Condition min typ max Unit
Ve 3 - 8
Operating Supply Voltage Range d Note 1 \%
VeE -3 - -8
Gain 1 Note 2 250 400 600
Differential Voltage Gai A
Ferential Voltage Bai Gain 2 " [Notes 80 | 100 | 120
inl - 40 -
Bandwidth Gain BW | Rs=50Q MHz
Gain 2 - 90 -
i = s - 10.5 -
Rise Time Gafn 1 . Rs=50Q ns
Gain 2 Vou=1Vp-p — 45 12
Gain 1 Rs=50Q, - 75 -
P tion Delay Ti t ns
ropagation Letay Time Gain 2 ’ Vou=1Vp-p ~ 1 60| 10
Gain 1 - 4.0 -
Input Resist: Rin kQ
nput Resistance Gain2 o v —
Input Capacitance Gain 2 Cin — 2.0 — pF
Input Offset Current Iro — 0.4 5.0 LA
Input Bias Current I - 9.0 30 rA
Input Noise Voltage Vatim Rs=50Q, BW=1kHz to 10MHz 12 — | #Vrms
Input.Voltage Range Vi +1.0 - - \%
Common Mode Rejection . _ f=100kHz 60 86 -
Ratio Gain 2 CMR Vem=+1V 7=5MHz — s — dB
Power Supply Rejection Ratio | Gain 2 PSRR AVee=+£05V, AVee=+0.5V 50 70 - dB
Input Offset Voltage Gain 2 Voo - 0.2 0.75 \%
Output Common Mode Voltage Vocu Ri=w 2.4 2.9 34 \%
Peak to Peak Output Voltage Vor-p 3.0 4.0 - | Vpp
Output Sink Current Link 2.5 3.6 - mA
Output Resistance Rou - 20 - Q
Supply Current Icc - 18 24 mA
Notes) 1. In this range, the amplifier can be operating.
2. Connect Gia with Gis.
3. Connect G4 with Gia.
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HA17733 Series eoient vieo ampitir

HA17733 is a video amplifier for wide band with small phase-
delay and excellent gain stability. This amplifier eliminates
external phase compensation and can fix the gain 10, 100 or
400 without using external elements. If some external
elements are used, any gain from 10 to 400 is available.

It finds main application in terminal units of computers,
interface or video amplifiers.

HA17733G

Industrial Use: . .. ......... HA17733G, HA17733P
Commercial Use: . . .. ............... HA17733
B FEATURES

@® WideBandWidth . . . ... ............ 120MHz

® Good Response (DG-14)
® Gain is Easily Adjusted in the Range of 10 to 400
® Eliminates External Phase Compensation HA17733P, HA17733
B CIRCUIT SCHEMATIC
i
)
T/
Rs 3Ruwo
UM Ly A L uk_JQs
KQs
o "w ‘KQ; Qe
(DP-14)
INPUT1 NPUTZ| || Rii Tk @
(@——(Q: Qz}f——@ ®) OUTI
Q9 1O Riz Tk @oute
SELGE‘G‘T{MA o s08 OISR ECT B PIN ARRANGEMENT
Q2 ROl
G2A (R Reg G2B \_
.,BA)I:?UJ INPUT 2 E E INPUT 1
r—‘Qﬁ Qs Y 1%
Qt K N Kan NC |2 13} NC
B s o m E =
k 1.4k : . .
2B |3 E G2A
GIB E __1_1_] GIA
®
Vee Ve E E Vee
¢ E Z] ¢
GUTPUT 2 | 7 E OUTPUT |
(Top View)
@ ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol HA17733G HA17733P HA17733 Unit
Vee +8 +8 +8 A
Supply Voltage
upply Tottag Vee —8 —8 —8 v
Common Mode Input Voltage Viniesn +6 +6 +6 A%
Differential Input Voltage Vinwisn +5 +5 +5 v
Output Current Tout 10 10 10 mA
Power Dissipation Pr 625 *1 625 *2 625 *2 mW
Operating Temperature Topr —20 to +75 —20 to +75 0 to +70 c
Storage Temperature Tstg —65 to +150 —65 to +150 —55 to +125 T

% 1 When Ta is 70°C or more, the derating curve will be 7.6m\V/°C.
% 2 When Ta is 50°C or more, the derating curve will be 8.3m\W/°C.
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HA17733 Series

B ELECTRICAL CHARACTERISTICS-1 (Vce=—Vee=6.0V, Ta=25T)

Item Symbol Test Conditions min typ | max Unit
Operating Supply Voltage Range Ve Note 1 3 - 8 v
} Ve -3 - -8 v
Gainl Note 2 250 400 600
Differential Voltage Gain Gain2 Avp Note 3 80 | 100 120
Gain3 Note 4 8 10 12
Gain 1 - 40 -
Bandwidth Gain 2 BW R.=50 Q - 90 - MHz
Gain3 - 120 -
Gain1 - 10.5 -
Rise Time Gain2 t. R.=50 Q, V,..=1V, , - 4.5 12 ns
Gain 3 - 2.5 -
Gain 1 - 7.5 -
Propagation Delay Time Gain2 t, R.=50 Q, V..=1V, , - 6.0 10 ns
Gain3 - 3.6 -
Gain 1 - 4.0 -
Input Resistance Gain 2 R.. 10 30 - kQ
Gain3 - 250 -
Input Capacitance Gain2 C., - 2.0 - pF
Input Offset Current Iio - 0.4 5.0 HA
Input Bias Current I, - 9.0 30 KA
Input Noise Veltage Viiins R.=50 Q, BW =1kHz to 10MHz - 12 - #Vrms
Input Voltage Range i +1.0 — - \Y
Common Mode Rejection Ratio Gain 2 CMR Vew==%1V /=~ 100kHz 8 8 - dB
f=5MHz - 60 -
Power Supply Rejection Ratio Gain2 PSRR | AVie=70.5V, AVpe=10.5V 50 70 - dB
Gain 1 - 0.6 1.5
Input Offset Voltage Vicurps \%
Gain2,3 - 0.35 1.5
Output Common Mode Voltage Vicew 2.4 2.9 3.4 \
Peak to Peak Output Voltage Vo » 3.0 4.0 - Vp-p
Output Sink Current Lo 2.5 3.6 - mA
Output Resistance R - 20 - Q
Supply CurYent Iee - 18 24 mA
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HA17733 Series

B ELECTRICAL CHARACTERISTICS-2 (Vec=—Vie=6.0V, Ta=0 to +70°C)

Item Symbol Test Conditions min typ max Unit
Gain 1 Note 2 250 - 600
Differential Voltage Gain Gain 2 Avp Note 3 80 - 120
Gain 3 Note 4 8 - 12
Input Offset Current m — — 6.0 “A
Input Bias Current 1, - - 40 #A
Input Voltage Range Vi +1.0 - - \
Common Mode Rejection Ratio Gain 2 CMR Vew= £1V, [f<100kHz 50 — dB
Power Supply Rejection Ratio Gain 2 PSRR | AViee=%0.5V, AVi,=210.5V 50 - - dB
Input Offset Voltage All Gain | Vetosn — - 1.5 \Y
Peak to Peak Output Voltage Vop-» 2.8 - - Vp-p
Output Sink Current Link 2.5 - - mA
Supply Current I - - 27 mA
Input Resistance | Gain 2 R.. 8.0 - - Q
BELECTRICAL CHARACTERISTICS-3 (Vic=—Vit=6.0V, Ta=—20 to +75C)
Item Symbol Test Conditions min typ max Unit
Gain 1 Note 2 200 - 700
Differential Voltage Gain Gain 2 A Note 3 70 130
Gain 3 Note 4 7 13
Input Offset Current I - - 7 HA
Input Bias Current I; 50 HA
Input Voltage Range Vi *1.0 vV
Common Mode Rejection Ratio Gain 2 CMR Viy=+1V, f=100kHz 46 - - dB
Power Supply Rejection Ratio Gain 2 PSRR | AV..=+0.5V, AV,,=+0.5V 46 - - dB
Output Offset Voltage All Gain | Vatosp - 1.5 v
Peak to Peak Output Voltage Vop-» 2.8 - Vp-p
Output Sink Current Lsink 2.5 - mA
Supply Current I - - 29 mA
Input Resistance Gain 2 R.. 7.0 - - kQ
Noter 1. In this range. the apmlifier can be operating.
2. Connect Gia and Gis.
3. Connect Gea and Gas.
4. Open all of the terminals for gain select.
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HA17733 Series

Phase ¢ (deg.)

Single Ended Voltage Gain Avp (dB)

Peak-to -peak Output Voltage Vor-p (Vi.p)

PHASE VS. FREQUENCY (1) PHASE VS. FREQUENCY (2)
0 ————— mn Y CE Ve =
L] (T
\\\ \ 5 c%@ )
\\ }M\ _ ”
N ~
- 10 ™ » \
“N : \
G 8 -
- » N N £ \
A 5
2 N
B 6 10 0 1 3 00”30
Frequency f (MHz) Frequency f (MHz)
SINGLE ENDED VOLTAGE GAIN VS. COMMON MODE REJECTION RATIO VS.
FREQUENCY FREQUENCY
TTTTITY 2 o0 o il
v.(=.-v,=s'v g LG ey
Tos25C o Ta =25C
1 ) -
G4inl 5 T~
S H Ny
| < 8 Sy
G, N ™~
Easth 2 w0 1 R S
™ 2 l b
= !
X ) t
i E i
[Gan, E } l
0 ;
[ 30k 100k 300k M 1M M 00M
Frequency f (Hz)
L1
0 3 100 300 1.000
Frequency f (MHz)
PEAK-TO-PEAK OUTPUT VOLTAGE VS. SINGLE ENDED VOLTAGE GAIN VS,
FREQUENCY FREQUENCY
WAPRAEY T
Ri =1k R =1
i
3
: :, SSi
< 3
) 5, N\
E: Ta= =20C
1 7 | !
\*l?l.
+rsc| HH
10 30 100300 000 0 T % 100 30 2000

Frequency f (Hz) Frequency f (Hz)
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HA17733 Series

RELATIVE VOLTAGE GAIN VS, PEAK-TO-PEAK OUTPUT VOLTAGE, OUTPUT
SUPPLY VOLTAGE SINK CURRENT VS. SUPPLY VOLTAGE
L4 T
. Ta=25°C Lol
Ta=25C
J=200MHz —_
Voo =1.5mVrms 1
1.2 i .
3 - T
= — So o =
f 1.0 /2&—"'7 E,\? A .
Ef S I Lo
% o > Z’;E |
P 2
& /’ g’
wn
067 Ta
=& 1
&8 |-
0.4 nu
Supply Voltage Vec=—Veg (V) Supply Voltage Vec=-—Vee (V)
PEAK-TO-PEAK OUTPUT VOLTAGE VS. SINGLE ENDED VOLTAGE GAIN VS,
LOAD RESISTANCE FREQUENCY
7 T TT
L L R ] ;_.m I ] |Gam2
= Ta=25C
£ e
3 g, ;
:.;, L1111 % |
= 4 = T
= 2 TS i
3 4 \
3 E \ R
2 2 F %
% o W
& H
y H
ol i1 | H N
10 3 100 300 1k 3 k 10 Kl 100 300 1.0
Load Resistance R. (Q) Frequency f (MHz)
INPUT NOISE VOLTAGE VS. DIFFERENTIAL VOLTAGE GAIN
SOURCE RESISTANCE ADJUSTING CIRCUIT
100
Gain2
. ] Vee=—Vee =6V
£ 8 Ta=25C
= BW=10MHz
2
E 60
%
% ,—""
0 L[]
30 100 300 k 3k 10k
Source Resistance (Q) A
Adjusting R:Q
Resistor C:F
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HA17733 Series

Differential Voltage Avo (diff)

DIFFERENTIAL VOLTAGE GAIN VS.

ADJUSTING RESISTANCE

SUPPLY CURRENT VS.
AMBIENT TEMPERATURE

T rTT 2 T T T
Vee = = Vee =6V Vee = = Vg =6V
———— Ta =251
I~
19
300
~ z ™~
~
N E
N =
N —
100 \N -§ 18] \
~ = [~
2
=
3
kY = =17
M 2
5
@
N‘!N g 16
10 i 16
10 30 100 300 1k 3k 10k
Adjusting Resistance R, (Q)
15 1
=20 20 40 60 RO

Ambient Temperature Ta ('C)

SUPPLY CURRENT VS. SUPPLY VOLTAGE

Supply Current Icc (mA)

| |Ta=25%C
/]

2

2

4
1 /]
16]
/ d
12
8 /l
3.0 10 5.0 5.0 70 0

Supply Voltage Vec=—Vee (V)
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