











































































































































































































































































































































































































































































































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

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

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

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

4,5, 12,13

Fig. 1 Input Clamp Voltage

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

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

56Q X3

4,5 12,13

Fig. 2 Output Short Test

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

3V

CE ouT

IN-1
to 4

Ri
270

Vi
l VVV 17V
C
I 0.01uF

4,5, 12,13

Fig. 3 Capacitive Load Test

® OCSD shall not become enabled and limit Ic or disable

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

o
-

I

ki L.
56Q  250mH

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

4,5,12,13

Fig. 4 Solenoid Survival Test

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

2.5V

HA13415
5V
IN \ l
(% \—J

18ms

5.5V et
OUT-1 -\J

ov

| T

\/

SThus
17V
oV
5V
IN 2.5V
o
10ms Lums
17V
ouT
o
5V
IN 2.5V
oV
10ms 10ms
=32\
ouT
O\
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HA13421A,HA13421AMP ¢ouai sridge orivers

HA13421A and HA1342AMP are monolithic power ICs,

dual bridge drivers.

finds best use in the 2 phase bipolar

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

Therefore, this value
stepping motor driving

to head actuater of 3 to 5% inch FDD.

B FEATURES

330mA Output Current Capability
Dual Bridge Included

With Power Save

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

Low Input Current

With Thermal Shutdown

Compatible with TTL, LSTTL & 5V CMOS

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

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

Vee 4.5 5.0 5.5 A

Vs 10.2 12.0 13.8 \Y

Vs 4.5 5.0 5.5 v

2) ts5 ms

3) See the Derating Curve below.

(6-.=35C/W)

(6-a=15C/W)

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

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

: Soldered on a metal based circuit bo:

A
B
C
D
E
F

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

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

with 10% printing
with 30% printing

ard (G- =80°C/W)

HA13421A

(DP-16A)

HA13421AMP

*

(MP-18)

30C B0C 120C s

B S 7| HABIRIAMP

e *

Pt 2 T 30_50_WC g

:g CHAI3421A> :,é S F

8 z7

c.a s.2
8 N N £58 b N

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

B PIN ARRANGEMENT

®HA13421A

Vsa(¢1) E
Vee E

1 Direction E
GND E

anp [ 5]

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

/

El Vsi( 1)

15| 41 0u

14| %1 Ou

13| GND

T_z] GND

11| 2 Out

10 | 62 Out

9 | Vsi(ge)

O®HA13421AMP

2

] $1 Out

(Top View)

1

:' GND

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

¢1 Direction E

a
=
S
1 [#]
1 ¢2 Out
Ok

14

Vsi( g2)

Vsa( ¢2)

PS

EIEEEE

¢2 Direction

L]

Q
z

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

—K

[

O

@1 Direction 4] $1

GND

@ HITACHI
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¢2 Direction
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HA13421A,HA13421AMP

B TRUTH TABLE

@ For Each Bridge

HAPPLICATION

2-phase Bipolar Stepping Motor Drive Circuit

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

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

168

—O Vst
(+12V)

min. min.
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HA1 3426 @ Three-phase Motor Driver with Speed Discriminator

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

B FEATURES

Possible to construct a servo system on a single chip

Large output current (3A)

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

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

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

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

HBLOCK DIAGRAM

(SP-23T)

Q—>0]

Hi  Stop Control Amp
(Brakel Ini !
Lo : Start
TSh
Zero-cross
lof Detector
R (1 pulse/
ccle)
W cxcle Specd
e Discrimi-
nator
Xl Freq,
N5 Divider Integrator
(OP Amp)
Rios
1.8k

Mode
Select 1.2k

w0 Vee 11764 )
<()pen D1/32 w Vee
to GND 1 1/16

Qlee
T
[
N2
Cin
0.1
1k
it
Amp- Nz
atrix litude Croz
Marix Cont- ol
roller r
N3
—— “10%
k I
L(}1)5
N3

@ HITACHI

HPIN ARRANGEME

O

NT

23] U Hall+In

22§ U Hall—=In
E V Hall+1In

20] V Hall~In
Plﬁtl W Hall+In
18] W Hall~In
7] W Out
[ 16] Open
5] V Ou

14] Integrator Out
U Out

12] Integrator In
[11]  Current Sense

10] Speed Discri. Out
[9]  Fileer
[ 8] Internal Reference
[7] GND
6] 0SC Out
[5]  Mode Select
I 1]0SCIn
z] Injector

2] START/STOP
B Vee

]
(Top View)
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HA13426

HABSOLUTE MAXIMUM RATINGS (Ta=25T)

Item Symbol| Ratings Unit | Note 25 75¢C
Supply Voltage Vee 15 v 1
Input Voltage Vi 0 to Vee A% 2 _20F
Output Current Io 3 A = )
&~ With
Power Dissipation Pr 25 w 3 < r Infinity
- - 2 Heatsink
Junction Temperature T; 150 C B
2
Operating Junction ) _ o 2
Temperature Range " Tior Ato +125 € 5
2
Storage Temperature _ o £
Range e 55 to +125 C 195 Without
Heatsink
Note) 1. Recommended operating voltage 0 X A
Vee =12V £15% (10.2V to 13.8V) S 25 100 150
2. Applied to Hall Amp, mode select input. X
Maximum Input Voltage at start/stop is 6V. Ambient Temperature Ta ()
3. See the derating curve.
0,-<3C/W

8;-.S40C/W

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V)

Item Symbol Test Condition min typ max Unit Note
Supply C . Iso S$/§=2.0V — 50 70 mA
rr
uppy arren Is S/S=0.8V.Ri=Open | — | 55 75 | mA
Total -
Tu Shutdown - 150 — C
Thermal Shutdown Temperature - -
Thys Hysteresis - 20 — C
Input Bias Current Ing Vi=6.0V - 2 10 nA
Hall Amp Input Common Mode Voltage Range Vi 2.0 - 10 v
Voltage Gain Gvu — 10 — dB
Quiescent Output Voltage Vq 5.3 5.9 6.5 \Y
Difference Between Phase AV - - +0.3 v
Output Stage -
Saturation Voltage Vekcam | To=2A - 2.4 3.2 \' 1
Output Impedance Ro Io=0.4A - 0.2 . — Q
Internal Ref. Voltage Veent 3.0 3.2 3.4 \'
Control Amp | Voltage Gain (CTL Amp to Output) Gerl. 21 24 27 dB
Difference of Gain AGer - — +2 dB
Input Bias Current In — — +0.1 nA
Integrator Output Voltage Swing A In=0.3m.f\ — 0.7 — A%
A In=-0.3mA = 0.7 — \
Note) 1. Sum of upper and lower TRS saturation voltages (to be continued)
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HA13426
M ELECTRICAL CHARACTERISTICS (Ta—25C, Vec—12V)
Item Symbol Test Condition min typ max Unit Note
Output Voltage Swing Vou TIo=0.3mA 5.8 6.1 — v
Vou To=-0.3mA — — 0.2 \'
]s):):::-i o Cutoff Current Ly Charge Pump Off State — — | 0.1 1A
Operating Frequency feik 60 250 kHz
Count Number N - 1024 -
Input High Voltage Vin Stop 2.0 - A%
Start/Stop Input Lf)w Voltage Vi Start - — 0.8 \Y%
Input High Current Iu Vi=2.0V — —0.15 | —0.5 mA
Input Low Current In. Vi=0.8V — —-0.2 | —0.5 mA
Current Limiter | Reference Voltage 0.52 0.56 0.60 A
1/16 Division Input Voltage Vine - - 0.8 v
1/32 Division Input Voltage Virse Open — 6.3 — \'
];12](1‘1( 1/64 Division Input Voltage Vises 1.2 — — A
1/16 Division Input Current s Vin=0V — | —0.63 | —1.3 mA
1/64 Division Input Current Liss Vin=12V — 1.0 1.5 mA
Oscillator Operating Frequency Sfose . — — 8.0 MHz

HE TIMING CHART

Hall Amp Input 0

120° 120° 120°

U Out

59V
V Out

5.9V
W Out

5.9V

Sra
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HA13426

M EXTERNAL COMPONENTS

Parts No.| Recommended Value Function Note
Rinn
1kQ Hall Elements Bias 1
Rio2
Rios
Rios 2.2Q(0.5W) Stability
Rios
Rios 1.8kQ 0SC Bias 6
Rio7 1.2kQ Speed Descri. bias
Rios 470Q Stability 6
Ri, R2 | See Application Integral Constant
Rs — Current Sense 3
Cio
Croz2 0.1.F Stability 2
Cios
Cros 20.1.F Vee By —passing
Chos 10pF AC Coupling 0SC
Cios, Croo .
=0.01«F Stability
Cuio
Cin 4700 pF Stability 6
C1,C2 | See Application Integral Constant 4
Cs See Application Filter Constant
X’tal — Resonator 5
Notes) 1. Set Rion and Rioz at which output voltage of more than 50mVpp is
applied to hall elements.
2. Use Cint to Cios which cause no 2nd resonance.
And connect the middle points of Ciot, Cioz and Cios to the most
stable one of those of Vcc, GND the middle point of coil.
(Requring to use non-polar in case of connecting them to the middle
point of coil.)
3. Output current is limited as shown below by RS valve.
L _056(V)+10%
mt Rs(Q)
For example, output current is limited to 2.55(A) £10% at Rs=
0.22Q.
4. Need to use non-polar as to C; and C:.
5. The relationship between Crystal Oscillation frequency, fosc and the
number of rotation, N is as follows.
60 -fosc
N=ﬁf - mfosc (rpm)
Where P is the number of pole of motor, and m is the division ratio
of Frequency Divider and the latter is set at the following values by
the voltage applied to Mode Select.
Mode Select m
to GND 1/16
Open 1/32
to Vee 1/64
For instance, the relationship between Mode Select
and fosc to rotate a 4-pole motor at 3600 rpm as
shown below.
Mode Select fosc (MHz)
to GND 1.96608
Open 3.93216
to Vee 7.86432
172

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

1.0MHz= fosc =4.0MHz 4.0MHz= fosc =8.0MHz

{0 O

10p 10p Crystal

0,
(£1%) 1.0k~ 1.8k 470 (+1%) 1.0k

Crystal

4,700p

(Ceramic);;.

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

1. Selection of Resonator

1.1 In HA13426

The oscillating frequency at synchronous, fpse and the
number of motor rotation N have a relationship shown
below.

60 m-fosc
512
where, the p is the number of motor poles and m is the divid-
ing ratio of a divider. For the m, one of the following values
is selected according to applied voltage at the mode select
pin.

Mode Select m
to GND 1/16
Open 1/32
to Ve 1/64

For example, the values of fogc to rotate 4-poles motor with
3600 rpm are;

Mode Select fosc (MHz)
to GND 1.96608
Open 3.93216
to Ve 7.86432

1.2 In HA13431/432/432MP
The oscillating frequency at synchronous, foge and the FG
frequency, fFG have a relationship shown below.

m+fosc

f, =
FG= o024

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

Mode Select m
to GND 1

Open 1/2

to Vee 1/4

@ HITACHI
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HA13426

2. How to Determine the Integral Constants R, , R,, C, and
C, . and the Filter Constant C,

2.1 Block Diagram

Fig. 1 is the block diagram showing motor speed control by

the HA13426/431/432/432MP. The part enclosed by dotted

lines denotes the IC, and the G, (S) and the G, (S) indicate

the transfer functions of an integrator and from contro!l amp

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

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

voltage are contained in the loop.

Ioad [ K] _tem) [T100 ]
Torque Js | No_ | Error (%)
HAL3426/431/132/ 132MP
_______________ 5
Control Integrator |
Amp. :
\)
u:(s»l—-—{ Gis) I—(—[ Kv
I
_______________ puj
KeNo |
| I
Fig. 1 Block Diagram
Kj = Transfer constant, 9.55
KT = Torque constant (kgscm/A)
Kg = Kick-back constant (V/rpm)
Ky = Speed discriminator gain (V/%)
J = Moment of inertia (kgecm+sec?)

Zm(S) = Motor coil impedance (£2)

G, (S) = Transfer function of an integrator

G, (8) = Transfer function from control amp to output
No = Standard number of rotation

2.2 Resolution
In the Fig. 1, when

K 1000
A(S)= 75 No (3)
Kr KEe-No
B(S)= Zn(ST (Kr~Gl(S)~Gz(S)*———100 ) (4)

the Fig. 1 can be shown as Fig. 2.

Load

Torque ( y———+

(kg-cm) A(S) ————O Error (%)
B(S)

Fig. 2

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

Zn(S)=Ru(1+S/ wm) woveereeerseesermvennsesnnes (5)
_Re ltwe/S
GHS)I= R T4 S/wn (6)
§)—GCTL e
G2(S) 1+S/ w3 (7)

Then,

Om= 5,’: ............................................. (8)
= 1 .............................................
DT R (9)
w2 L e (10)

Cz2R:2
e e,
W ="E R (11)

The GeTL and the R, are the internal constant of IC's.
Substituting the equations (5) to (11), to the equation (4),
B(S) is;

KeNo\
100 /

Kr ( R2KvGere (14 w2/S)
14+S/wn) \R1(1+S/w1)(1+S/ws)

__ReKrKvGere
RiRn

BIS)=7

1+w2/S
(1+S/wn)(1+ S/ w1)(1+S/ws)

..R2KvGerL KeNo
. R > 100 )
To control speed with stability, A(S) and 8(S) are required to
have a relationship shown in Fig. 3. That is, the angular
frequency of the cross point of A(S) and B(S), w, should be
put between the angular frequency of an integrator, w, and

w,.

1,000

100~
Phase margin
>15

A(S), 1/8(S) (%/kg-cm)

10

L
10 100 1,000

w (rad/sec)

Fig. 3 Stable Relationship of A(S) and 53(S)
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HA13426

2.3 Design Procesure of the R, ,R,, C,, C, and C,

(1) Determining the w,
The w, uses the value of 1/10 to 1/30 of the wp, or the
angular frequency of FG, w¢g which is the lower. In
HA13426, the angular frequency of the hall signal is used
for w¢g, and the w, is the value of 1/30 to 1/100 of the
WFEG".

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

K 100,
Ao Foos " No (13)
(3) Designing R, and R,
From the Fig. 3 and the equation (12),
R Be (14)

Ri~ Kr-Kv.Geri-Ao
Each IC is designed to take the following Kv and GoT.

Type Kv (V/%) Gerr (V/IV)
HA13426 0.03 16 typ
HA13431 0.023 16 typ
HA13432/MP 0.023 8 typ

Small R, increases the C, and C, and large R, will cause
speed error by the cutoff current of the speed discri-
minator and the input bias current of the integrator.
Values of 10k ohms to 56k ohms are recommended.

(4) Determining w, , w, and w,
Will be determined as follows

w1 Z 3 wo
w2 = wo/3
w3 Z Jwo
(6) Designing C,, C,, C,
From the equations (9), (10), (11),

Ci=1/wiR2
C2=1/w2R2
Cs=1/wsR3

where the R, is designed to be 2.2k ohms.

3. When Using the External Clock

As shown in Fig. 4, external clock can be provided at the
OSC input pin. But, applying too large input causes the miss-
operation of IC's, the following resistor, Rs must be con-
nected in series to control the current.

(1) In HA13426

Rs=2.5(Vin—1.4)—-1.5 (kQ)
Rs=7.5(1.4—ViL)—1.5 (kQ)
A speeding-up capacitor parallel to Rs should be con-

sidered.
(2) In HA13431/432/432MP

Rs=3.7(Vin—1.7)—2 (kQ)
Rs=1.01.7—ViL)—2 (kQ)
Then, the input current Iy and I are restricted as

follows and the external clock must have larger driving
capacity.

_Vin—1.4
L= R:+ Ri (mA)
1.4— Vi
Iin=— - (mA)
]74 R'+ Rl

where, the Ri is the input resistance of the OSC and is
1.6k ohms in HA13426 or 2k ohms in the others,

External Cluck

Vin In
| | ' | put
Rs
Vi

100pF

0sC

Qutput

Fig. 4 Providing External Clock

4. Producing the Ready Signal

As shown in the Fig. 5, external comparator can produce the
ready signal. Since the DC gain is extremely high (70dB or
more), the rotation error, AN when the ready signal VR
becomes high is determined by the accuracy of the speed dis-
criminator without the influence of the window of a com-
parator.

Open collector output type comparators are recommended.

Ready Signal
Vr

10k Qhms

Integrator
Output

Fig. 5 Producing the Ready Signal

@ HITACHI



HA1 3431 @ Three-phase Motor Driver with Speed Discriminator

HA13431 is a monolithic power IC with a speed discri-
minator for the three-phase brushless DC motor driving of
5% inch FDD. It is possible to construct a servo system
with quartz or ceramic resonator by fewer external com-
ponents. Especially EMI noise from motor driver is de-
pressed because of a voltage drive system.

B FEATURES

@® Possible to construct a servo system on a single chip

® Require no adjustment because of digital servo system

® The voltage drive system (not supply voltage control)
achieves almost no spike voltage at commutating, caused
EMI conventionally.

@® The Enable terminal of TTL level is attached, and the
current at the stop mode is less than 0.5mA

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

@® Wide selection for quartz & ceramic resonator is per-
mitted because of frequency divider

M BLOCK DIAGRAM

(SP-23T)

B PIN ARRANGEMENT

1

O Vee 14 [23] U Hall+
/L %(»,m 12v [ 22) U Hall~
2 0V Hall+
R -
o Hall Amp [20] V Hall
¢ 19 +
= 2) 9] W Hall
59 ] [ 18] W Hall—
Cron 7 - Chn
Cios Amp [17] W Out
G 14 Mt || e 78] Fiter
D roller i =] V Out
19 Current Sense
W “‘J
1) Y 1] U Ou
R e Cios Vee
) [11] Integrator Out
to Injector [10] 0SC Out
Enable b ] g‘;"a“” In
Hi o Stop) N - ) In
(}Sn gzm) OVSD 3 ;,L, [7]  Speed Discri. Out
pen - Stop E Control Amp 6] GND
Ciop [5] Mode Select
pt FG Amp TSP 315V | Inter 2] Injector
Cios ’ > — Ref. [3] Enable
> Zero- Cross 2
FG : ?A"v;'w; )5\ [ 2] FG Amp+In
pulse. =
cvele 1 Speed [1] FGAmp-In
Discrimi ® —
Cion nator
B N .
. Freq. Integrator (Top View)
g Josc|— h, I v
DTG U G -
Maode Injector T
Select A
o tre sy mAT
(1),7(»" : I/z)
0 GND 11 )
B ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Item Symbol | Ratings | Unit | Note z2 w0 120C
Supply Voltage Vee 20 A% 1 Q;
Input Voltage Viy 0 to Ve \'4 2 s
k] With
Output Peak Current Iopeak | 1.5 A ;&_ 5 Infinity
Output Current Io 1.0 A & 1.5 Heatsink
IR 5 Without
Power Dissipation Pr 10 w 3 % Helatgi‘:nk
Junction Temperature T) 150 C o
0 1 1
Quersimg Joncin [T 0w i ¢ = ®
- Ambient Temperature Ta (C)
Storage Temperature Range | Tux —55to +125| C
Notes) 1. Recommended operating voltage
Vee =12V +157,(10.2V to 13.8V)
2. Applied to Hall Amp, start stop and mode select input.
3. See the derating curve.
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HA13431

B ELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V)
Item Symbol Test Condition min typ max Unit Note
Enable=2.0V - 0.2 0.5 mA
Quiescent Current fe Enable—0.8V, R..: Open | — 24| 31 | mA
Vi Shutdown Voltage 15 16 17 v
Total Over Voltage Shutdown Vin Hysteresis 05 08 12 v
Thermal Shutdown L Shutdown — 10 — <
Thys Hysteresis — 25 — T
Input Bias Current Ins Vi=6.0V - 1.0 5 «A
Hall Amp Input Common Mode Voltage Range | Vi 1.5 — | 10.5 v
Voltage Gain Gvu — 10 — dB
Quiescent Output Voltage Vo 5.1 5.7| 6.3 A%
Difference of Quiescent Voltage AVa — — 1+0.3 v
Output Stage -
Saturation Voltage Veewan | To=0.TA — 2.0 2.8 A 1
Output Impedance Ro Io=0.2A — 0.3 - Q
Internal Ref. Voltage VrEr1 — 3.15 — \Y%
Control Amp Voltage Gain (CTL Amp to Output) Gere — 24 - dB
Difference of Gain AGeTL — — +2 dB
Internal Ref. Voltage VREF2 - 2.5 — v
Input Bias Current Ini — — 1£0.1 nA
Integrator . A+ Jo=+0.25mA - 1.3 — A%
Output Voltage Swing e To=—0 25mA o6 — v
Unity Gain Band Width BW Br=0dB — 0.3 — MHz
Injection Voltage Vi 1j=6mA - 0.9 — A%
Output High Voltage Vou Io=0.25mA 4.4 4.7 — v
ls)liJ:::liminator Output Low Voltage VoL lo=—0.25mA — 0.1 0.2 v
Cutoff Current Loy Charge Pump Off State — — +0.1 «A
Count Number — 1024 —
Input High Voltage Viu Stop 2.0 - — \'%2
Input Low Voltage ViL Start — — 0.8 v
Enable
Input High Current Iin Vi=2.0V — — +10 «A
Input Low Current I Vi=0.8V — — *10 A
Current Limiter | Reference Voltage VREFs 0.36 0.4 0.44 A
FG Amp Input Voltage Vinwer | f=200Hz 2.0 — 20 | mVpp
0SC Oscillation Frequency Sosc 0.1 — 1.0 | MHz
No Division Input Voltage Vin — - 0.8 v
1/2 Division Input Voltage Vi Open — 6.3 — \'
Mode Select 1/4 Division Input Voltage Viss 10 — — A%
No Division Input Current Iin Vin=0V — — -1.0 mA
1/4 Division Input Current ho Vin=12V — — 1.0 mA

Note 1) Sum of upper and lower TRS saturation voltages.
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HA13431
HEXTERNAL COMPONENTS
Parts No. Recommended Value Function Note
Riot, R - Hall Elements Bias 1
Rios, Rior, Ruws 2.2Q Stability
Rs - Current Sense 3
Ri, R: See Application Integral Constant 4
Cior, Ciro2, Cuos 0.1«F Stability 2
Cios =0.1,F Vee By —passing
Cos 10«F AC Coupling FG
Cros 47pF AC Coupling 0OSC
Cor 10#F Stability
Cios, Cios, Ciro =0.01,.F Stability
Ci, C: See Application Integral Constant 4
Cs See Application Filter Constant 4
X’tal See Application Resonator 4
Notes 1) Set Rin and Rinz at which output voltage of 30 to 100mVpp.
2) Use Cini to Cios which cause no 2nd resonance.
3) Output current is limited as shown below by Rs value.
Timr = Vrers
Rs
4) See HA13426.
HETIMING CHART
* v v W
Hall Amp (W
Input
120° 120° 120°
U o -\
fpin 131 o M
VO P
(pin li[.‘w .7\ /[/’\
W On ~\
(pin ;"71 5.7V L\f\
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HA13432,HA13432IMP ¢ mecsse tor e vt spss i

HA13432 and HA13432MP are monolithic power ICs with a

IR HA13432
speed discriminator for the three-phase brushless DC motor
driving of micro or compact FDD. It is possible to construct
a servo system with quartz or ceramic resonator, requiring
fewer external components.
Especially EMI noise from motor driver is depressed because
of a voltage drive system.
B FEATURES
@ Possible to construct a servo system on a single chip
@ Require no adjustment because of digital servo system
@ The voltage drive system (not supply voltage control)
achieves almost no spike voltage at commutating, caused (DP-24TS)
EMI (Electro-Magnetic Interference) conventionally.
@® The Enable terminal of TTL level is attached, and the HA13432MP
current at the stop mode is less than 0.5mA.
@® Maximum current at starting is depressed by the built-in
current limiter
@® Wide selection for quartz & ceramic resonator is per-
mitted because of frequency divider.
(MP-28)
HPIN ARRANGEMENT
@ HA13432 @ HA13432MP
U, —
Square Wave Out [T] 7] U Hall + £
FG Amp ~In [Z] 23] U Hall — . £ - gé
FG Amp +In (T [72) v Hall + =S AL
$ g
Enable 1 [T] [21] V Hall ~ 2 2 5 Z £ EE3
Enable 2 [T [20) W Hall + 3 mmnmm %) -
Mode Select [} [ W Hall — Speed - Enable 1
Disri. our L] (28] (Lo : Sar )
T T Hi, Open : Stop.
oND | A g GND Integrator In E O E FG Amp +In
.|B
Integrator Out | 6 23] FG Amp —
0SC Owt [% 8] Fiter o [23] FG Amo 1o
oscin ] (7] w ow Vee [7] 2] Square Wave Out
Speed Discri. Out [T [T6] Current Sense Injector E E U Hall +
Integrator In [10] [15] V' Ou
Integrator Qut !E [T U Ou U Ou E 20| U Hall =
Vee [I2] [13] Injector v ou [10] [19] ' Hall +
(Top View) Current Sense E E V' Hall —
B E)E A BnIE)
=1 5 2 o [ +
£ = -
S £ G % 3 3
Lz o=
_Enable Hi Open Lo (Top View)
1 Stop Stop Start
2 Start Stop Stop
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HA13432,HA13432MP
T Ou

HEBLOCK DIAGRAM

R <
2

O—

Hall Amp

Amplitude Crot
> Controller
Marix ||

Rioz

o Injector
Enable | I
(I.n Stan ) Current Limiter
Hi Z Open : Stop
OVSD
Cy
Control Amp
ble 2
<[Hi 1t )
Lo Open  Stop. B
Sy sh
7z

Inter Ref

Zero-Cross
Detector
(1 pulse/cycle)

Square Wave Out ()

Discriminator

X'u @ 0SC  |—— Frey. Divider

O) f]‘\
Y

Mode Injector

Select (>4mA)

Integrator
(OP Amp)

e ) e
to GND © 1A o
B ABSOLUTE MAXIMUM RATINGS (T=25C)

Item Symbol HA13432 HA13432MP Unit Note
Supply Voltage Vee 20 20 v 1
Input Voltage Vix 0 to Vee 0 to Vee v 2
Output Peak Current 1o Geaky 0.75 0.75 A
Output Current Io 0.5 0.5 A
Power Dis3ipation Pr 2.5 1.5 W 3
Junction Temperature T 150 150 T
Operating Junction Temperature Range Tjop —20 to +125 —20 to +125 T
Storage Temperature Range T —55 to +125 —55 to +125 c

Notes) 1. Recommended operating voltage Vee=12V £15% (10.2 to 13.8V)
2. Applied to Hall Amp, start/stop and mode select input
3. See the derating curves.

The right below figure shows the relationship between Pr and T. (the derating curve) in the case that HA13432MP is mounted on the surface of a metal
base substrate.

B HA13432 HHA13432MP
0C 100C L

With
Infinity
Heatsink

~
T

Without
Heatsink

With

Power Dissipation Pr (W)
Power Dissipation Pr (W)

1+ Infinity
Heatsink
0 1 L 0 L
=20 0 25 100 150 =20 0 25 100 150

Ambient Temperatre Ta () @ HlTAcHl Ambient Temperature Ta (C) 179



HA13432,HA13432MP
BELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V)
Item Symbol Test Condition min typ max Unit Note
Enable 1 & 2 Open — 0.2 0.5 mA
Quiescent Current Iy Enable 1—0.8V — 19 2 A
Ri. Open
Total Over Voltage Shutdown Vit Shutdowrt Voltage 15 16 17 v
Vhys Hysteresis 0.5 0.8 1.2 A%
T Shutdown — 150 - c
Thermal Shutdown - -
Thys Hysteresis 25 — C
Input Bias Current Inn Vi=6.0V — 1.0 5 uA
Hall Amp Input Common Mode Voltage Range Vu 1.5 — 10.5 v
Voltage Gain Gvu — 10 — dB
Quiescent Output Voltage Va 5.1 5.7 6.3 v
Difference of Quiescent Voltage AVo — | £0.3 \%
Output Stage -
Saturation Voltage Veksan | Io=0.35A 2.0 2.8 v *
Output Impedance Ro Io=0.1A — 0.45 — Q
Internal Ref. Voltage Vrery - 3.15 — v
Control Amp Voltage Gain (CTL Amp to Output) Gv 15 18 21 dB
Difference of Gain A Gy - - +2 dB
Internal Ref. Voltage Vier2 - 2.5 — v
Input Bias Current Int — | £0.1 A
Integrator Output Voltage Swing A Io=+0.25mA - 1.3 - v
A Io==—0.25mA - —0.65 —
Unity Gain Band Width BW Gr=0dB — 0.3 — | MHz
Injection Voltage v, I[;=6mA 0.9 — v
Output High Voltage Vou In=0.25mA 4.4 4.7 — A
[S):’:fd ) Output Low Voltage Vor | Io——0.25mA — T 01| oz v
Cutoff Current Lor Charge Pump Off State — - +0.1 nA
Count Number - 1024 -
Input High Voltage Vin 2.0 - - \
Input Low Voltage Vi - 0.8 v
. Enable 1 - +10 A
Enable Input High Current I Vi=2.0V
Enable 2 - 50 120 nA
Input Low Current I Vi.=0.8V Enable 1 — — £10 (A
Enable 2 - - +40 nA
Current Limiter | Reference Voltage VrEers 0.36 0.4 0.44 A
FG Amp Input Voltage Vinray | f=200Hz 2.0 - 20 | mVpp
0SC Oscillation Frequency Sfose 0.1 1.0 MHz
No Division Input Voltage Vi - 0.8 \'
1/2 Division Input Voltage Vi Open - 6.3 - v
Mode Select 14 Division Input Voltage Via 10 - - \'
No Division Input Current I Vix=0V - - -1.0 mA
1’4 Division Input Current I Viv=12V = 1.0 mA

Note * ) Sum of upper and lower TRS saturation voltages
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HA13432,HA13432MP
B External Components
Parts No. Recommended Value Function Note
Rio1, Rioz — Hall Elements Bias 1
Rio3, Rio4, Rios 2.2Q Stability
Rs — Current Sense 3
Ri, Re See Application Integral Constant 4
Cio1, Cioz, Cro3 0.1.F Stability 2
Cios =0,14F Vec By-passing
Cios 10.F AC Coupling FG
Cios 47pF AC Coupling OSC
Cuor 10uF Stability
Cios, Ciog, Ci10 =0.01.F Stability
Cy, C2 See Application Integral Constant 4
Cs See Application Filter Constant 4
X' tal See Application Resonator 4
Note 1. Set Rioi and Rioz at which output voltage of 30 to 100 mVpp
Note 2. Use Cior to Cios which cause no 2nd resonance.
Note 3. Qutput current is limited as shown below by Rs value.
1 limit =—VgEes
Note 4 See HA13426.
HE TIMING CHART
+ y v
. W
Input 0
120 120" 120°
U Out /‘ﬁ\"//
57V
V Out
5V
W Out \
5.7V
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Hc167o1 @ Thermal Head Drivet

HC16701 has a function of serial-in-parallel-out plus 32ch
driver, bi-directional shift register, two stage latches, strobe

gate and large current driver.

Logic circuits are composed of IIL and output 32ch driver

M FEATURES

@® Each driver of built-in 32ch drivers (NPN Open Collector)

has a capability of driving 70mA.

® Enable to shift the shift register in right and left direc-

tions by mode select terminals.

® Every channel has two stage latches and is available with
controlling output pulse width in the unit of channel.

HEBLOCK DIAGRAM

Qout

has a capability of driving large current. HC16701 is suitable
for applications of thermal head driver and LED display

driver.

® Enable to prohibit driver output by Dis terminal.
Available with prohibition against driver output at power

"“ON".

HC16701 IC's.

B

D _CLK D CLK

Az
D CLK

CLK

Q@ Q

CLK

)|

s © [>0—{>

HEMAXIMUM RATINGS (Ta=+25C)

Built-in D-F/F for selecting chip is available with the
application of chip selector in the system of using some

Item

Symbol

Rating

Unit

Remarks

Supply Voltage

Vee

7

Output Sink Current

Ien

100

mA

Output Terminal Voltage

Vou

+25

Power Dissipation

Pc

T, max =125C

Operating Temperature Range

Ta o

—20 to +70

Operating Junction Temperature Range

T o

—20 to +100

Storage Temperature Range

Tsre

—35 to +125

Notes) 1. Applied to output driver terminal Qo to Qi1 when output driver transistor “ON™.
2. Applied to output driver terminal Qo to Qs1, when output driver terminal "OFF".
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HC16701

BMELECTRICAL CHARACTERISTICS (T;,=+25C)

Item Symbol Test Condition min typ max Unit ?,:r:;?::::
Operating Supply Voltage Veeor Vee=5.0V, Driver:ON Duty 50% 4.5 5.0 5.5 V| Vee
Quiescent Current Icc Vee=5.0V, Driver : ON Duty 50% — 120 160 mA Vee
linj Operating Voltage (Note 5) Vins 3.0 — Vee \% Liny
Injection Current Lo Vee=5.0V Vi, =5.0V — 30 - mA | L,
Input High Voltage 1 Vim Vee=5.0V 3.0 - — V | S, PWC,Cp,.C
Input High Voltage 2 Vine Vee=5.0V 2.5 - - Cs,In I, DATA
Input High Voltage 3 Vins Vee=5.0V 3.0 — — D...R/L
Input Low Voltage 1 Vit Vee=5.0V — — 0.3 Sr.,PWC,Cr,C
Input Low Voltage 2 Vii: Vee=5.0V — — 0.8 Cs,In, In, DATA
Input Low Voltage 3 Vies Vee=5.0V — — 0.8 V |D..R/L
Input High Current 1 Ly Vee=5.0V,Cx -y =1 =5.0V — - 150 pA | Cs Iy I
Input High Current 2 Linz Vee=5.0V DATA -5.0V — — 150 HA DATA
Input High Current 3 Lins Vee=5.0V Di. 3.5V - — 150 uA | D
Input High Current 4 Tina Vee=5.0V R'L =3.5V — — 150 HA R/L
Input High Current 5 Lins Vee=5.0V, Sy~ PWC=Cp~Ci~3.5V — 120 180 A | Sr,PWC,Cy, Ct
Input Low Current 1 7 Vee=5.5V, Cs -1\ =1 ~GND —600 | —400 — sA | Cx In I
Input Low Current 2 Lic» Vee=5.5V, DATA - GND —600 | —400 — MA DATA
Input Low Current 3 Liis Vee=5.5V, Di. =R'L =GND —20 — — u#A | Di,R/L
Input Low Current 4 o Vee=5.5V, Sp~PWC-=Cr=C.=GND —20 - - kA | Sr,PWC,Cy,Cs
Output Low Voltage 1 (Note 1) Voia Vee=5.0V, oL =10mA — — 0.3 V | Quto Qun
Output Low Voltage 2 (Note 2) Voo Vee=5.0V,10.=0.6mA — — 0.5 V| Qua
Output Low Voltage 3 (Note 2) Vois Vee=5.0V,Io.=1.2mA — — 0.6 V | Duw
Output Current 1 (Note 3) Liir Vee=4.5V, Do - 2.7V 300 500 — #A | Dun
Output Current 2 (Note 3) Lz Vee=4.5V, Quu-2.7V 150 250 — MA | Quu
Output Leak Current (Note 4) Liestr Vee=5.5V, Qu to Qs1-25V — — 500 A | Qo to Qui

Notes

. When setting the state of output “LLOW".

. When output transistor is “OFF".

1
2
3. When setting the state of output “HIGH".
4
5

. Iinj is pin for IIL logic power supply.

O HITACHI

. When setting the measuring output driver transistor “ON" and other thirty one output driver transistors “OFF".
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HC16701

HPACKAGE (the chip product for sale)

® Chip size; 5.5 x 3.7mm

@® The number of pads; 56 pcs. (output driver; 32 pcs. Vcc;
3 pcs. GND:; 8 pcs. others; 13 pcs.)

@ Pad Arrangement; See the following figure. (an outline)

3.7mm

== QisQs ———

Output Drivers

/(lnclnded 7 GND pads)

5.5m

/(Included Vee 3 and GND 1 pads)

l I/0 Interface I

EDICE DIMENSION

1350 1715 2255 2680 3085 3425 3765 4145 4485
Origin(0,0) 135
1180 | 1530 1990 2470 | 2890 32|55 | 3595 | 3965 | 4315 | 4655 5365
135 e I =TeaTaaToalisalisalsalonnalnalgalnalnalsalanlualsalnalea NN 135
w5 [[1] e [ b b by e e e i il el et ks oy s el s e iy o
sss—H{ a8 Q20 Q21 Q22 Q23 GND2 Q25 Q25 Q26 Q27 Q28 Q29 Q30 Q31 Ve Ct PWCCp Dout
GND2 1100
s25 —H{ -z 1
: 600
69s —H @17 *
sss—HH- Qi |
|
N1 FHH— 1550
1so—H{F3-onos 3700
vee 2180
| |
zass—-E}le
[l -
3005 LIQH ini {-‘ 3050
a1 T oz r/LH—3220
sss—H Qs QrQo @ @027 a5 o5 @ a3 @N%a Qo vee Dis sp Data 1 fTH— 3300
1565 ssis—H a2 _ FLU'!'II'LI HHIHHH M m I'LII"HI'"H'LI ul _ er hrh A 3565
CH e T e E o eIt td T un)
| I J T
135 180 | 1530 | 1890 | 2275 | 2700 | 3065 | 3410 | 3775 42'75 5100 5365
1350 1715 2065 2490 2900 3240 3580 4900 r;gyii;elSOum
5,500
Unit:um
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HC16701

EINPUT INTERFACE CIRCUIT

®Cs, ki, ls

®S,,C.,C:,,PWC

Vee
Vi Viy o——NW—
[>0--- 12L Inverter
®DATA ®R/L,D..
Vee Vee
Vix
Vis
HOUTPUT INTERFACE CIRCUIT
.Dw,Qau- 0Q.~Qs
Vee
o—————¢
Vee
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HA1 6628P @5-bit D/A Converter and Position Amplifier

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

Typewrites.
B FUNCTIONS

@ 5 bit D/A Converter

® Error Amplifier

® Position Amplifier

B FEATURES

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

(DP-16)

B PIN ARRANGEMENT

HMABSOLUTE MAXIMUM RATINGS (Ta=25C) \_/

Item Symbol Rating Unit Note E""MEE 16 | Vee
Supply Voltage Ve 20 \'

iLs i i DA4E 15 | DA-In

Common Voltage Ve . 0.55Vece \Y
Power Dissipation Pr 450 mW DA3 E E] Va
Input Voltage Vi 6 \Y 1
Output Current Lo +5 mA 2 DAz E 18] DA-Ou
Operating Temperature Range | T 0 to +70 K oar [ 12| ERR-0ut
Storage Temperature Range Toe —50 to +125 °

Notes' 1. Apply to DA.~DA,, Sign, ENABLE, STROBE
2. Apply to Pos-Out, ERR-Out

HMBLOCK DIAGRAM

DA-In

®

DA-Out

®

Enable @

o @

a3 (3

oaz (@)

ol )

DAO @

Sign @

D/A
Conv-
erter

Position
Amplifier

Strobe @

186

’_V—-@ ERR-Out
N
Error

Amplifier

fb_‘ () Pos-Out
' ]
.4
®

DAO | 6 11 I POS-Out
Sign I 7 10| POS-In
GND I 8 9 I Strobe

(Top View)

——(®) Pos-In

7
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HA16628P
MELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V, Vs=5V)
Item Symbol Test Conditions min typ max | Unit
Supply Voltage Vee 10 — 20 \Y%
Supply Current Icc No Loads — — 10 mA
Supply Current of Vs (Pin 14) Is No Loads — — 1 mA
®D/A Converter
Item Symbol Test Conditions min typ max Unit
Current Reference Input Range (Pin 15) | Iparn all inputs "L, 0.3 — 1 mA
Current Reference Off-set Voltage (Pin 15 to 14) | Vo Ipan=0.3 to 0.7mA —20 — 20 mV
Ipaout 01> Io4»=0.516mA, Sign="H_ Other input all'L_ 0.96 0.98 1.00 mA
Output Current ~
Ipacut 2> Ipan=0.516mA, Sign="L Other input all'L —1.00{ —0.98 | —0.96 mA
Ipaout 3 Sign="L_ Enable="L, Other input all'H_ -1 — 1 A
Output Current (Output Offset Current) - =
Ipaout o> Sign="H_ Enable.="L, Other input all'H, -1 — 1 HA
Low Level Input Voltage (Digital Inputs) Vie — — 0.8 A%
High Level Input Voltage (Digital Inputs) Viu 2.0 — — \%
Low Level Input Current (Digital Inputs) I Vi.=0V -1 — — | KA
High Level Input Current (Digital Inputs) LIy Viu=5V — — 20| uA
®Error Amplifier
Item Symbol Test Conditions min typ max Unit
Input Offset Voltage Vio All inputs "H, DA-out to ERR-out -5 — 5| mV
Output Voltage Swing Vour Terror=1mA Ve—3.3] — Vs+3.3 \'
®Position Amplifier
Item Symbol Test Conditions min typ max Unit
Low Level Input Voltage (Pin 9) Vie - - 0.8 v
High Level Input Voltage (Pin 9) Vin 2.0 — — v
Vioas Strobe ="L, POS-IN to POS-out —-10f — 10{ mV
Input Offset Voltage
Vioc Strobe ="H, —-10f — 10 mV
Input Bias Current (Pin 10) Iis Strobe ="L, -1 - —| kA
Output Voltage Swing Viut Iros-ou=1mA, Strobe ="1.; Ve—3.3] — |Vs+3.3 \Y
HD/A CONVERTER LOGIC FUNCTION
Digital word
Sign | DA4 | DA3 | DA2 | DAL | DAO | ENABLE Commands
* * * * * * H DAout=Zero
* H H H H H L DAout=Zero
L H H H H L L DAout = +min
L L L L L L L DAout = +max
H H H H H L L DAout=—min
H L L L L L L DAout = —max
Notes) % =indifferent L=Low level H=High level
+min, +max=Source Current
—min, —max=Sink Current
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HA1 6629P @ Tachometer Converter (F/V Converter)

9

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

HFUNCTIONS

@ Tacho Voltage Generator (F/V converter)
® Reference Voltage Generator

® Position pulse Generator

B FEATURES

® Single Supply Voltage 10V DC to 20V DC (DP-16)

® Position pulse output is open collector

WMABSOLUTE MAXIMUM RATINGS (Ta=25C) HPIN ARRANGEMENT

Item Symbol Rating Note Y}
Supply Voltage Vee 20 A Vs E 16] vee
Common Voltage Vs 0.55Vce \% Beos [Z EI Dsin
Input Voltage (Pin 4,10,13,14) Vias Vee |V sein [3 e
Input Voltage (Pin 6,7) Vi Vet$5 \Y
Dir E Ecos

Output Voltage (Pin 11,12,15) Vour 20 AY

Output Current (Pin 11,12, 15) Lo 1> 5| mA macko [3] [12] oeos
Output Current (Pin 2,3,5) L ) +1 | mA Meos [6] (1] pinx
Output Current (Pin 9) L o) -1.5 mA Msin E Eginx
Power Dissipation Pr 450 mW oND E zl Voer
Operating Temperature Range Topr 0to +70 ‘C

Storage Temperature Range Tos —50 to +125 ‘C (Top View)

M BLOCK DIAGRAM

Vee Vs GND
¢
P
—@ Dinx
Einx C1 Comparators
witl
Eain @ - b“y“e"s“ J/-——® Dsin
fone ® b ]N;’,——(:) Dcos
c3
—@ Vier
b Reference
Generator
‘ } 3) Bsin
—D>; r
) @ Beos
D O
Msin (D L TacHo
Mcos @—
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HA16629P
MELECTRICAL CHARACTERISTICS (Ta=25C, Vcc=12V, Vs=5V)
Item Symbol Test Conditions min typ min Unit
Supply Voltage Vee 10 —_ 20 \"
Supply Current Icc no Loads — — 20 mA
Supply Current of Vs (Pin 1) Is no Loads -2 — 2 mA
®Comparators with Hysteresis (C:,C. and Cs)
Item Symbol Test Conditions min typ min Unit
Input Bias Current Iis Veinx = Vesin= Vecos=5V —2 — — A
C: (Pin 10) 7.2 7.5 7.8 v
Input "H; Level Threshold Voltage Vrwn
C.;,C; (Pin 14,13) 5.1 5.3 5.5 \'
C, 5.7 6.0 6.3 \'
Input "L, Level Threshold Voltage Viwe
C.,Cs 4.5 4.7 4.9 A%
Output "L, Level Voltage Vor ToL=2.5mA — — 0.4 \Y%
) Output Leak Current Ton Von=5V — — 2 A
® Amplifiers (A, —Ai,A: and —A»)
Item Symbol Test Conditions min typ max Unit
Input "L, Level Voltage (Pin 4) Vi — — 0.8 \
Input "H, Level Voltage (Pin 4) Vi 2.0, — — A
Common Mode Input Voltage Range Vem Vet2.5 — | Ve%3.5 A%
Output Offset Voltage (A, and A.) Vosces D.r=L —30 — 300 mV
Output Offset Voltage | —A, and —A:) Vosc-» D.r=H —50 — 50 mV
Voltage gain (A, and A.) Avpce D.r=L — 1 - V/Vv
Voltage gain ( —A, and —A.) Avpc- D.r=H — -1 - V/V
Output Voltage Swing Vou Ve—3.3] — |Vat+3.3 \
®Reference Generator
Item Symbol Test Conditions min typ max Unit
Vrer Irer=—0.5mA, Note (1) 7.5 8.0 8.5 \Y%
DC Reference Voltage {Pin 9)
Viere Irer=—0.5mA Note (2) 6.7 7.5 8.3 A
Note (1) Note (2)
Test Conditions Test Conditions
No. Unit No. Unit
E sin E cos E sin E cos
1 Vi + 8 Vs + 3 Voe 1 Ve+3 Vs Voe
\/T J’—2_
2 Vs + 3 Vs~ 3 Voe 2 Vi Ve+3 Voe
/2 /2
3 v,,—j% Vu+—_:23: Vo Vs ¥
4 Vi — j;_ Ve— _J;- Voe
Va=5 \
® HITACHI 189
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®F/V Converter

Item Symbol Test Conditions min typ max Unit
Input Bias Current Iis Vit sin= Vi cos =5V — 5 15 HA -
. . Vracuor Note (1) 1.5 - 2.0 Voc
DC Output Voltage (Pin 5) Vracnor | Note (2) 8.0 — 8.5 | Voc
Output Voltage Swing Vour Ve—3.3 - Vs+3.3 v
Output Offset Voltage (Pin 5) Vio M =M c0e=Vs —80 — 80 mV
No. €% | Esin | Ecos | Msin | M cos
1 Vi Vi V. V-
Note (1) 2 Y Vi A v Vi=Va+1 (V)
3 Vi Vo V. V.
Vi=Vs—1 (V)
4 Vi Vi Vi Vi 1.6
5 Vi Vi V. V. V.= Vs+ﬁ (V)
6 Vu Vo V. Ve
Note (2) 7 i v | v [ v V= VB‘F V)
8 Vi \Z Vv V- Va=5 (V)
B WAVEFORMS

®Clock Wise Direction

Esin W Vs
eos —\/\/\/\_ "

kY

Mcos —\W Vg
Veer  _ /(A\/\.' '\\ WX N X

- v‘« \/ '\“l\.'vv | P Ve
-Esi . Ecos
(B )
( Meos X, Esml) (Msm % Eeos |)
-, \
TACHO SO KOO /’\/\\,\ Vs
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HAPPLICATION
Vee Vu GND
HAL6629P
——@ Dinx
Einx 10 o
Comparator with
Hysteresis
. L1 s |eropracesor
From Esin @7 (.~'lj>
Encoder T2 ]\?7
—@ Deos
Ecas @ "'{b k
Ay
> Ref. Volt. Gen.
Amp.
’ 3) Bsin
)
0015, F
2 Beos
C2
Dix @ 0.0154F
- hl
o |
|
Msin |
: N + f) TACHO
X -
Mcos (6 i F'V Converter |
e e i —— )
R2 .&R,
820 Tazn
Rs
WkE
C3
Red 0.22u 22u
5k
DA-Out
13 .
©)
HAL6628P Ri[Re] [Ro
£2:5 g
Motor Drive Signal
Enable (1 ; 4
YN O; \ @ ERR- Ot
+
DA 3 (3}
v Error Amp.
RN bra A
Conv.
v O
Microprocessor A @ 10) POS- In
bao Position
sm (D “ feo
)
F?_ 11) POS-Out
9 1
1
Storobe ‘ 9 > ]
® © C*E
Vee Vi 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

Q‘

(MP-18)

HBLOCK DIAGRAM

Active
Differentiator
Components

Filter Network

Digital
Output

|
Active | Peak
Differen-
tiator

Magnetic
Head | 1 ? f Zl

Analog Input

AT

Gain Select One Shot 1 One Shot 2

192 @ HITACHI

HPIN ARRANGEMENT
®HA16631P

. {II

Input

Offset
Decoupling

GND |5

&
Shee I{E
{

C]

E] Veee
l—d Amp.
E Qutput
E })xﬂ.
E nput
E Diff.
E Comp.
E Veer

(S)ne*
hot 2 Data
E 10 Output
(Top View)
®HA16631MP
Amp  Amp mp
Input Input  Vccz Output
2 1 18 17
o T e B e B o Y e
Offset
Debmpling 35 O 016 Amp Output
Offset 4 1 15 Diff. Input
Decoupling
GND 5[] [ 14 Diff. Input

One Shot 1 6 ]

One-Shot 1 7]

13 Diff. Comp.

12 Diff. Comp.

L5 o gy e g gy e
8

9 10 1

1

Data  Veor

Shot 2 Shol 2 Output
(Top View)




HA16631P,HA16631MP
HMAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Power Supply Voltage (Pin 11) Veer 7.0 A
Power Supply Voltage (Pin 18) Veee 16 \Y
Input Voltage (Pins 1 and 2) Vin —0.2 to +7.0 A%
Output Voltage (Pin 10) Vo —0.2 to +7.0 A
Differential Input Voltage (Pins 1 and 2) Vincaisss 0to +5.0 \Y
Operating Temperature Topr 0 to +70 C
Storage Temperature T —55 to +125 °C
HMELECTRICAL CHARACTERISTICS
®Operating Power Supply Voltage Range (Ta=25C)
Item Symbol Test Condition min typ max Unit | Test Circuit
Power Supply Voltage Range Veerr 4.75 5.00 5.25 A%
Power Supply Voltage Raoge Veezr 10.0 12.0 14.0 A%
®Amplifier Section (Ta=25C, Vcc1=5.0V, Vcca=12.0V : unless otherwise specified)
Item Symbol Test Condition min typ max Unit | Test Circuit
Differential Voltage Gain Avp fV=250k‘l/-lz, Vin=5mVrms 80 110 140 v/v 2
CC1R CC2R
Input Bias Current Iis Vee2 =12V, Veu=4V — 1 9 KA 4
Common Mode Voltage Range Vew 1.85 — 6.2 2
Output Distortion Ratio THD j‘./:lkH;’ Vin=25mVp-p — 1.5 5 % 2
CCIR CC2R
Differential Output Voltage Voo | Veern Vecen 3.0 | 42 | — | vep 2
wing
Output Source Current Io — 8.0 — mA 8
Output Sink Current _
(Pins 16 and 17) ]OS VCCIR YCCZR 2.8 4 mA 9
Input Resistance TIN 30 120 — kQ 5
Output Resistance To — 15 - [¢] 6
Common Mode Rejection Ratio CMRR | f=100kHz, Vin=200mVp-p 50 — — dB 11
Power Supply Rejection Ratio Vee=12.0V _ _
Vee, PSRRy | 4 75V Vee1=5.25v 50 4B 10
Power Supply Rejection Ratio Veer=5.0V _ _
Veer . PSRR: | 10 0V< Veco514.0V 60 dB 10
Differential Output Offset Voo _ _ 0.4 v 7
Voltage
Common Mode Output Voltage Veo — 3.1 — \% 7
Effective Differential Emitter
Resistance (Pins 3 and 4) Rerr 370 570 770 a 3
®Peak Detector Section (Ta=25C, Vcci=5.0V, Vcc:=12.0V: unless otherwise specified)
Item Symbol Test Condition min typ max Unit | Test Circuit
Sink Current (Pins 12 and 13) Iso 1.0 1.5 - mA 12
Peak Shift Ps f=250kHz, Vin=1.0Vp-p - — 5 % 13
Input Resistance Tip — 30 — kQ 17
Output Resistance Top — 40 — Q

@G HITACHI
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HA16631P,HA16631MP

ST T T

®Waveform Shaper Section (Ta=25C, Vccir, Vecer: unless otherwise specified)

Item Symbol Test Condition min typ max Unit | Test Circuit
. Vee1r=4.75V _ _
Output Voltage H (Pin 10) Vou Veer=12.0V, Ion=—0.4mA 2.7 \% 15
. VCCI =4.75V
Output Voltage L (Pin 10) Vo Veez=12.0V, Io, =8mA 0.5 \% 16
.. . . Veer=5.0V, Vee2=12.0V _ _
Rising Time (Pin 10) trow Viu—=0.5V—2.7V 25 ns 14
. . . Veer=5.0V, Vee: =12.0V _ _
Falling Time (Pin 10) tru V=2 7V—0.5V 25 ns 14
f=125kHz 600 — 2000 ns
Timing Range$1 tia, B
f=250kHz 600 — 1000 ns
- t1=0.625C: R\ +150
Timing Accuracy #1 h C1=200pF, R =6.8kQ) 850 1000 1150 ns 14
Timing Capacitance #1 C 150 - 680 pF 14
Timing Resistance#1 R 1.5 — 10 kQ 14
f=125kHz 150 — 1000 ns
Timing Range #2 t2a, 8
f=250kHz 150 — 750 ns
- 11=0.625C:i R,
Timing Accuracy #2 t2 €1 =200pF, R =1.6kQ) 170 200 230 ns 14
Timing Capacitance #2 C. 100 - 800 pF 14
Timing Resistance $# 2 R: 1.5 — 10 kQ 14

B TIMING CHART

Differentiator Input
(Pins 12 and 13)

Differentiator Output

Comparator Output

One Shot /1 Q

D-Flip Elop Q

One Shot 72 Q Pinl0
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HA16631P, HA16631MP

B TEST CIRCUITS

N

. Voltage Gain, Band-width, Output Voltage
Swing, Output Distortion Ratio

1. Power Supply Current

WO—C] 13——@———-0le 1 18 p————0 12V
-—
|2 17 e ) 7
3 16 3 16 1.5kQ
4 15 4 15 1.5kQ
6 13 6 13
7 12 7 12
8 1 8 1 0 4.75kV
9 10 9 10
AAA
yvy Y
1.6kQ 16k ar= Volb-Vo17
Vi
AMA
WY
6.4kQ
3. Pre-Amplifier Section Effective Emitter 4. Input Bias Current
Resistance (Pins 3 and 4)
Tim
—-—
012V
! o 12 ——@———— 1 18f—————0 12V
, ,
¢ 17 O Vo R 2 17
3 16
3 16
.
4 15 o Y s
B 1 5 14
6 13 ,;_ N 13
7 S 7 12
8 1 sy 8 n sy
— 10 9 i
Vie=5mVrms
J=250kHz
AN
L6kL W\
. 1.6k
AN\ M
6.4kQ 6.4kQ
BN Measure [inz in the same way.
2 Vir
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HA16631P,HA16631MP

5. Input Resistance

18 p————o 12V

170 VeurR
(0)

Vou R+ Riex
VIN= Vo0 Veu R

Riex
-1

Veur R

Rier=100kQ

7. Differential Output Offset Voltage, Common
Mode Output Voltage

4V I 18 12v

16— Vis

Voo=1 Viz—=Vis |

11 5V

© ® N s W N e
o =

1.6kQ

AAA

6.4kQ

6. Output/ Resistance

2.5uF
] 1 18 0 12V
4V o—2 17 Vou R
I e oy
piiaii S P 15 -
Roex
5 14
v ’; 6 13
7 12
8 11 0 5V
9 10
1.6kQ
AAA
WA
6.4kQ
Vour = Vou R
Vour = —2ul _ ot B,
ot v Roes
=Roes( Vou™/ Vouw R=1)
Roes=500Q

8. Output Source Current

© N DA w oo —

AAA

1.6kQ

AAA

Measure Pinl6 in the same way.
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HA16631P,HA16631MP

9. Output Sink Current

< O—¢—
© o ~ o & & e o —
o =

1.6kQ

6.4kQ

Measure Pinl2 in the same way.

11. Common Mode Rejection Ratio

2.5uF
1 1§f————o12v
2 17p————0 Vs
Vi b————o0
.
$ 3, 16 Vais
1 15
5 14
4V 7}; .
) 6 13
Vi =200mVp-p 7 12—
f=~-1.0MHz 8 11 5V
9 10

—AAA
VW\-

1.6kQ

—AAA
VWV

6.4kQ

I
CMRR=20l0g |, T’L_

s = Varr

Measurement is performed using Vector Voltmeter hp8405A, or equivalent.

10. Power Supply Rejection Ratio

50Q
AAA
VW~

18f———o0Vcc:

I RG>
16

509

AMA
W

121—-——1

Vear

© ® N oG A W N
=

Fluke 8375A

Digital Multimeter

12. Differentiator Output Sink Current

18p———o01.2V

MRS
23

© x
o
o
<

1.5kQ

AAA
Wy

6.4kQ

Measure Pinl2 in the same way.
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HA16631P,HA16631MP

13. Peak Shift

4V O—C‘l 18f————0 12V
2 17
J=250kHz
3 16
. 5 Via=1.0Vp-p
N
6 13 1kQ 0.1uF
7 12— —q
8 11 05V 519 Vour
Vou Pinl0
9 10 -0 5V tost tps2
1.5V
2.4kQ
MA q
WA
R 1.6kQ Loor
= 15p Lps1—tps2
AAA PS=1/2+ ————Xx100%
WA T toet+tps
Ri 6.4k 7 it
14. Timing Accuracy, Rising Time, Falling Time
4V 0‘——:‘1 18p———o0 12V
2 17
3 16
N
e 5 14
S s [ 13 ke O01gF  400mVpp
200pF 7 7 12
| 5V
c = i i N Vou S1e
200pF 9 10 0 %Y
2.4kQ
AAA 4
vy
Rz 1.6kQ L osr
T
vy
Ry 6.8kQ
triw=trhL 10ns
f=250kHz
50% Duty
0.4V
0.2V ﬁ ) Vie
T
27V
tia tiB
/ I Vour
Vou 0.5V
0
1.5V Z—I 1.5V Pinl Pinl0
tia tis t2
= X100% L ET2= X100%
Etia To00ms 100% Etig To00ms X100% " o
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HA16631P,HA16631MP

15. Output Voltage H (Pin 10) 16. Output Voltage L (Pin 10)
4V 0—:‘1 18 12V 4V © 1 18 0 12V
2 17 L 2 17
3 16 3 16
4 15 4 15
[;— 5 14 — 5 14
6 13 6 13
7 12 7 12 ‘SmA
8 11 0 4.75V 8 11 0 5V
9 10 0 Vou 9 10 Vou
l 400 A 4
1.6k 1.6kQ
Av‘v‘v Av‘v‘v
6.4kQ 6.4kQ
17. Input Resistance
1 18 pins 0
) 7 Other Pins Open
3 16 -]
4 15 —(D—= g5
e 5 up——T
6 13
7 12
0.5
8 11 R= ———
Tma (k)
9 10
B CIRCUIT EXAMPLE vCom
3 33
] ] — -/
i P-4 1 15} HAI78M05 P
o B3 3! | I
i b3 3 ¥ — Amp *
¢ b d 1.5k
2 YV
. L g
R/W SW T T
Head 0w £ 1.5k ‘;LSk
Select ‘—4- 0.1u ”
Active —'E'—“
— Differ-
Entia-
<& ] or 0.4
: e
1
___E g:lie B_zoo 1,800p
1001
300;;4: 3 50k A
N — One- — 9
WA~ 7 hot
56k L hor @ 2] imk
L L% i}
[ Q F/E ] Veer
160p
Mj———l 9 One-shot m. o
i ll)l Data Out
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HA16631P, HA16631MP

TIMING ACCURACY VS.
AMBIENT TEMPERATURE

VeaiR
VeezR
-~ f=125kHz
2 Vin=0.4Vr-p
oL
s
S
£ 1.00
8
<
2
E
a
0 10 20 30 40 50 60 70 80
Ambient Temperature Ta ('C)
COMMON-MODE INPUT VOLTAGE
VS, AMBIENT TEMPERATURE
1.8
Vear=5V
s 16 Veez=12V 7]
E 1.4
S
s S
3 12
£
Y
H
£ 1.0
g
S 0.8
0.6
0 10 20 30 40 50 60 70 80
Ambient Temperature Ta ('C)
SUPPLY CURRENT VS.
AMBIENT TEMPERATURE (1)
VeaR
5 1.05 VeezR
o
g
£ 100
5 —
]
=
g
3
0.95
0 10 20 30 40 50 60 70 80

Ambient Temperature Ta ('C)

Common-mode Input Voltage Vemes) (V)

Voltage Gain Avn/Avh (100kHz)

Supply Current Iccz/Iccz (25°C)

COMMON-MODE INPUT VOLTAGE

VS. AMBIENT TEMPERATURE

Veaa=5V
8 sz: =12v |
S —
\
7 ’\'\
\
6
0 10 20 30 40 50 60 70 80
Ambient Temperature Ta (C)
VOLTAGE GAIN VS. FREQUENCY
1.2
1.0
\\
0.8
0.6
0.4
0.2
100k 200k 500k M 2M 5M 10M
Frequency f (Hz)
SUPPLY CURRENT VS.
AMBIENT TEMPERATURE (2)
VeaiR
1.05 VeezR
1.00
. —
\
\
0.95
0 10 20 30 40 50 60 70 80

Ambient Temperature Ta (C)
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HA16631P, HA16631MP

Voltage Gain Avp/Avp (25°C)

VOLTAGE GAIN VS.
AMBIENT TEMPERATURE

Timing Accuracy ti1/t: (25°C)

Vea R
1.05 VceaR
1.00 b— R
\-
\
0.95
0 10 20 30 40 50 60 70

Ambient Temperature Ta ('C)

0.95

TIMING ACCURACY VS.
AMBIENT TEMPERATURE

VcaR

VeezR

f =125kHz

Vin=0.4Vp-p
—

B
0 10 20 30 40 50 60 70
Ambient Temperature Ta(C)
201
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HA1 6632AP @ VFO IC for Flexible Disk Drive

The HA16632AP is a monolithic VFO IC for floppy disk

interface.

It is designed to accept the read out data from

floppy disk drive, which includes jitter caused by the wow
and flutter of the disk revolution, or peak shift by the mag-
netic effect on the disk. And it generates ‘“Window" signals
which are necessary to separate data pulse from clock pulse.

B FEATURES
® Applicable to both the 8 inch disk and the 5.25 inch disk
by changing the voltage level ““high’” or “low"” on the
control pin.
® Applicable to both the single density record format and (DP-28)
the double density record format by changing the voltage
level “high’ or “low’’ on the control pin.
® Applicable to various floppy disk controllers such as
FD1791, uPD765 by changing the voltage level “*high’’ or
“low’" on the control pin.
® Gate units in the IC chip are constructed by Low power
schottky TTL circuits.
EMAXIMUM RATINGS (Ta=25C)
Item Symbol Rating Unit
Power Supply Voltage 1 Vee 7| v
Power Supply Voltage 2 Vine 7 v
Power Dissipation Pr 750 | mW
Operating Temperature Range Ta-op 0 to +60 °C
Storage Temperature Range Tos —55 to +125 °C
B ELECTRICAL CHARACTERISTICS (Ta=25C)
Item » Symbol Test Conditions min typ max | Unit ?Eﬂi‘?:;ilon Note
Operating Power Supply Voltage | Vcc o, 4.75 | 5.00 | 5.25 V| Vee, Viwr
Quiescent Current 1 Icc Vee=5.25V — 80 105 | mA | Vee
Quiescent Current 2 Iine Vee=5.25V — 28 37 | mA |Viwe
20 —RAW DATA
Input High Current 1 I Vee=5.25V, Viy=2.7V — - MA —}\I/l}l':‘(g/l SYNC
Input High Current 2 Iin, Vee=5.25V, Viy=5.25V, —IRS=3.0V — — 50 | MA :ilSNH(::"
Input High Current 3 Lins Vee=5.25V, Viy=5.25V — — 260 #A | —IRS
—RAW DATA
Input Low Current 1 I Vee=5.25V, V,.=0.4V —0.4 — — mA AVI;(&I SYNC
Input Low Current 2 In: | Vee=5.25V.V..=04V, ~IRS=3.0V | -1.8| — | — | ma :‘;'SN;A”‘
Input Low Current 3 Iivs Vee=5.25V, V;.=0.4V —4.0 — — | mA |—IRS
Input Bias Current Iis Vivr=5.25V, Vivn=2.4V — — 20 MA | Vi
Output High Voltage 1 Voir | Vec=4.75V, Iow=—2804A 21| —| = | v DA |
Output High Voltage 2 Voxz Vee=4.75V, Ion=—4004A 2.7 — — —PDL, —PDH 1
Output High Voltage 3 Vous Vee=4.75V, Iou=—100uA 3.4 4.0 — +PUL 1

Note)
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When setting the last output tap gate “High"
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HA16632AP

HELECTRICAL CHARACTERISTICS (Continued) (Ta=257C)

i L. . . Application
Item Symbol Test Conditions min typ max | Unit Terminal Note
+WIND
Output Low Voltage 1 Vor Vee=4.75V, Io.=1mA — — 1 0.45 \ _RD DATA 2
Output Low Voltage 2 Vor2 Vee=4.75V, To.=1mA — — | 0.45 V { —PDL 2
Output Low Voltage 3 Vors Vee=4.75V, To.=1004A — — 0.6 V | +PUL 2
Output Low Voltage 4 VoL Vee=4.75V, Io.=100xA — — 0.6 V | +PUH 2
Output High Voltage 4 Vowa | Vee=4.75V, loy=—4mA 3.15 | 3.65 — V | +PUH 1
Output Low Voltage 5 Vous Vee=4.75V, IToo=4mA — — | 0.55 V | —PDH 2
. NP Vee=5.25V, _ ol +WIND
Output Short-circuit Current 1| Ios: FWIND, —RD DATA=GND 70 14 mA _RD DATA 3
Output Short-circuit Current 2 | Ios. Vee=5.25V, —PDL, —PDH=GND | —100 — | —20 mA :gg;‘ 3
- +PUL
Output Short-circuit Current 3| loss Vee=5.25V, +PUL, + PUH=GND | —100 — | =20 mA +PUH 3
R Vine=5V, Cex=91pF _ _ -
VCO Oscillation Frequency Sveo Vix=2.4V., —IRS=GND 4.0 MHz 8 INCHII
Maximum VCO fmax Vine=5V, Cex=30pF 10 _ — | MHz | —8 INCHI

Oscillation Frequency

Vin=4.0V, —IRS=GND

. Vee=5V, C,=50pF _ _
M1 Output Pulse Width 1 twi s VR1=15k0, —IRS=GND 500 ns | +WIND

. Vee=5V, Ci=62pF _ _
M1 Output Pulse Width 2 twis VR1-30k0, —IRS—=GND 1000 ns | +WIND

. VL‘C=5V, Cz=240pF _ _ _
M2 Output Pulse Width 1 twz VR 2-25kQ. —IRS—GND 2.50 us RD DATA

. Vee=5V, C,=500pF _ _ _
M2 Output Pulse Width 2 twz s VR 2-25kQ. —IRS=GND 5.0 us RD DATA

. Vee =5V, Cu=34000pF _ -
M4 Output Pulse Width 1 twe 8 VR 4=47k0, —IRS—GND 0.50 ms |TP1

. Vee=5V, C,=68000pF _ _
M4 Output Pulse Width 2 twe s VR 4=47k0, —IRS=GND 1.0 ms [TP1

A Vee=5V, Cs=12pF . B o
M5 Output Pulse Width tws VR 5-15kQ, —IRS=3.0V 200 ns RD DATA

Notes! 1. When setting the last output tap gate "High”
. When setting the last output tap gate " Low™
3. When setting the last output tap gate "High”

G HITACHI 203



HA16632AP

HBLOCK DIAGRAM

MIC MIR Vee ~PDL —~PDH +PUL ~PUH Vin Viar
— ) c— -
/
—DFXQFV'I\ N Time Delay Phase Gain Voltage Cext
Circuit Comparator Switching Control
Circuit Oscillator Cox2
| (VCO) “
Loop
—{ SR Switch- |
_IRS Pulse ing
Circuit Circuit .
\
T Gisg
LN
1 r t
~8INCHI Dividing
Circuit
MFM D L — S TP
+ —=F == 1
| L] | |
MzR GAP Syne D VFO T
Reset "1 Count |1 Separator Sync | Decoder
M2C ' Circuit Circuit Circuit Circuit 1
] | :
| .
LSy Deveetimg Block ___ f L _ L _1_J
MR M4C ~FSHA GND M5R  MsC
B PIN ARRANGEMENT ..
+WIND 28 ~8INCHI_—©ﬁ SW2
~RD. DATA 27 Visn Vee
Cr
M5C % Ve A J;
MSR 25 Ct  —4—©
Cs
~VFOSYNC = 24 Ca  —4+—0O)
P Cy
—FSHA ~ 23 Guye ——-@—-?7 I—' Ris
- R ko | Co MFM
. )}
. MR 2 2 o 4—O Pt Vixk
B - ] Dz R | Rus
8 MdC < 21 PUL Rit Ris
SWi = Ds Rs 9 Q
7F—©__9 GND 20 oL O HgW—
Re . Ro Q: Ris
~“W——©@—}10 mx 19 e —O W r
2 ” Ds
T o+ mc 18 -1k —+—O—= vee
©—+F12 -mru 17 MIC -—@—_1 :
¢
©—t13 -RAWDATA 166 MIR ——-@—T—QNV-— Vee
Ri
©—1 -™ 15 Ve —4+—©
Di~Ds 3 152076
Qi Q2 : 2SC641®)

204

@ HITACHI



HA16632AP

HPIN EXPLANATION

Item Pin Name Signal Remarks
Vee Power Supply for every block except VCO block
GND GND for every block except VCO block
Pin for Power Supply

Vine Power Supply for VCO block

Ging GND for VCO block

_RAW DATA Raw read data signal from fl-emble disk dnv(?. including
signal components of clock signal and data signal. Clock Data

Signal Signal

Input signal which shows detectionof SYNC Byte(periodic signal).

_VFO SYNC When—FSHA="Low”, this signal switches gain to lead-in loop.

—VFO SYNC="Low™ SYNC Byte detected
—VFO SYNC="High™ SYNC Byte undetected

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

Pin for Input Signal
in for Input Signa -MFM="High"— FM mode (single density)

1. Select pin for 8inchi FDDor 5inchi FDD (—IRS~"High")
-8 INCHI="Low"+8inchi FDD
—8INCHI/(—VCO) —8 INCHI="High"—5inchi FDD

2. VCO oscillation output monitor pin(—IRS="Low")

Select pin for the kinds of Flexible Disk Contraller(FDC)
—FSHA —FSHA="Low"—FD1791, MB8876, 8877
—FSHA="High"—uPD765AC
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B PIN EXPLANATION (Continued)

Item Pin Name Signal Remarks
Pin for testing IC’s
Pin for Input Signal —IRS at using the packaged IC — —IRS ="High”
at testing 1IC = —IRS="Low”
Input Pin VIN Control voltage input pin for VCO
1. Window signal output pin to distinguish data signal from
signal which are included in —RAW DATA signal.
+WIND = “High”— for distinguishing clock signal
+WIND/(+M1Q) +WIND ="Low"— for distinguishing data signal
(—~IRS="High")
2. Monostable Multivibrator Output Pulse Monitor pin for
M1 (—IRS="Low”)
1. Adjusted Read data output signal pin(—IRS="High")
Pin for Output Signal | —RD DATA/(+M2Q)
2. Monostable Multivibrator Output Pulse Monitor pin for
M2(—IRS="Low")
—PDL Output signal for charge pump down at Low Gain
—PDH Output signal for charge pump down at High Gain
+PUL Output signal for charge pump up at Low Gain
+PUH Output signal for charge pump up at High Gain
TP1 IC test monitor pin
HPIN EXPLANATION
Item Pin Name Signal Remarks
Resistor Capacitor M1R Ready access pin to capacitor and resistor M1
M1C Ready access pin to capacitor for monostable multivibrator M 1
Ready Access Pin M2R Ready access pin to capacitor and resistor M2
M2C Ready access pin to capacitor for monostable multivibrator M 2
M4R Ready access pin to capacitor and resistor M4
M4C Ready access pin to capacitor for monostable multivibrator M 4
M5R Ready access pin to capacitor and resistor M5
M5C Ready access pin to capacitor for monostable multivibrator M5
CEX1 Ready access pin to capacitor for VCO
CEX 2 Ready access pin to capacitor for VCO
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HE TIME CHART

®Case 1 (8inchi, MFM, LOW Gain)

CL CL DATA CL DATA CL DATA CL CL
T
~RAW DATA ] | ! U HJ I ‘lL I
(Input) 200‘::‘ |l | ! ™~ —! '
" — - AL At
2us 2us luslys 2us !
CL CL DATA CL DATA CL. DATA CL. CL
(Output) Pl

~RD DATA u ] u | |u ] lll | U
|
| !

200ns !
+WIND |.|||||||||||||||||l|||||||
( ) | ]
Output I'\T'l“"llﬂsl I?|’I f i I\I i

500ns 500ns 500ns 500ns

®Case 2 (8inchi, MFM, High Gain)-------.. SYNC Sig.

CL CL CL CL CL CL CL CL CL CL

—RAW DATA Cli ]J H‘ [l u H_ u

-
l 2us | 2us 2us | 2us 0 2us t 2us | 2us ) 2us 1 2us 1 2us 1 2us 4

CL CL CL CL CL CL

~RD DATA Vo B we o I ws |

i -t -

suu:.s"/?ﬂ—-' r\J,", .'\3‘1 \ '“' W

2us 500ns 500ns 5l)lins 500ns 500ns

Case 3 (8inchi, FM, LOW Gain)
DATA DATA DATA
CL CL CL CL CL CL  CL CL CL CL CL CL
wws LT T VWL T T T
*4us | 4us _’Alh- 1""
zunns'P—'r‘—m B N

' ! DATA DATA DATA
CL__CL__CL CcL_CL__CLCL__CL__cL CcL__cL__ cL

—RD DATA

;]L N N A A
200ns : :
s ApEpEniipEpEpipEp NN pEp N

A

lus lus lus lus
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HA16636 P @Ground Fault Interrupter

The HA16636P is a monolithic circuit designed for ground
fault protection. It's applied for amplifier section of ground
fault interrupter, and consists of differential amplifier and

mono-stable multivibrator.

M FEATURES
Minimum external parts.

High packing density for SIP-8 package.

Output pulse from mono-stable multivibrator

current,
High surge voltage and wide noise compensated.

HMABSOLUTE MAXIMUM RATINGS (Te=25C)

Wide temperaturerange . . . . ... ... -20°C ~ +85°C

................. tow = 56ms typ, C = 0.68uF
Temperature compensated for sensitivity of leakage

(SP-8)

B PIN ARRANGEMENT

Item Symbol Rating Unit Note A\ =4
Supply Current Icc 10 mA Vear E:
Excess Supply Current 1> 150 mA 1 GNo E
Output E
Power Dissipation Pr 100 mW 2 c E
Operating Temperature Range Topr —20 to +85 K Vi E
Storage Temperature Range T —55 to +125 ° Veer E
Va | 7
150mA ne [3
Note 50% (Top View)
D
us 40us
2. Temperature range---:---- Topr

MBLOCK DIAGRAM AND APPLICATION CIRCUIT
Line ~NC HA16636P

]

Mono-stable
Multi

#

Diode
Bridge!

Load

NC: No Connect
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® Outline of the Function

1. Both input terminal “Vcc2” (6) and “Vin" (7) of a
differential amplifier connected the secondary coil of the
Zero-phase Current Transformer (ZCT) that detect a
leakage current. And further, “Vcc1” (1)and “Vcc2”
(6)connected to each other inner this IC,
So, if the appointed current are supplied, the terminal
voltage of ““Vecc1” (1) could fix the constant voltage by
the zener diode.

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

®Operating Time Chart
PSR ——
No Leak | Leak

Input Voltage from ZCT

Charge

C-Terminal Voltage

terminal “VR". (5)

. The signal that amplified by the differential amplifier

integrated by the capacitor (R102) that connected to the
terminal “C". (4)
If the terminal voltage of “C' (4) amounted to the
threshold voltage of the mono-stable multivibrator, a
output pulse would generate with the capacitor C102 and
the internal resistance and so, this pulse drive SCR that
connected to the output terminal. (3)

Veer

Breaker Cut Off

|
| tor  Output_pulse width

'
Cioz
Discharge
|

Output Voltage

I ELECTRICAL CHARACTERISTICS (Ta=25C)

Item Symbol Test Conditions min typ max Unit
Operating Supply Current Range I 1.3 — 10 mA
Refference Voltage Vier Iec=1.3mA, V=2V, Vou=0.8V 5.6 6.3 6.8 \
Lsockeer | Ice=1.3mA, Vyu=0.8V 245 400 - HA
Output Source Current
Isockerz | Ta=—20°C, Icc=1.3mA, Vox=0.9V 290 500 - KA
Voi Iec=1.3mA, lL.x=2mA - 0.1 0.2
Output Voltage Vi lee =3V, L.x«=3001A — 0.05 0.2
Vou lee=1.3mA, No-Load 3.5 - -
Output Pulse Width tow lee=1.3mA, C=0.68uF 30 55 100 ms
Vi Tal | Tu=—20C, Icc=3mA* —-12 - 12 %
Temperature Characteristic Vio Ta2 | Ta=70°C, lcc=3mA* —12 — 12 %
Vi Ta3 Tu=85C, Icc=3mA* —18 - 18 %

* refer to measuring circuit

E MEASURING CIRCUIT

= —— ——— 1
L Vees Veor
| t
| € o =, |
: Crot F [V
AL Output T flu 3mA D.C
50Hz | M v Ve ¢ GND I
Sinusoidal | Rin |
Wave I [
| |
I |
] |

®External Parts Constant
R101 = 25092 + 1% (Carbon Film Resistor)
R102 = Adjusted Resistance +5% (Carbon Film Resis-
tor)
R103 = 5109 *+1% (Carbon Film Resistor)
C101 = 0.47uF + 1% (Tantalum Electrolytic Capacitor)
C102 = 0.68uF + 1% (Tantalum Electrolytic Capacitor)

® Temperature Coefficient

_ Vin(T.a) -\ﬁin(25 C) x 100[%]
Vin(25°C)

(Ta=-20°C, 70°C, 85°C)
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210

TEMPERATURE REGULATION OF

SENSITIVITY VOLTAGE CHARACTERISTICS SENSITIVITY VOLTAGE CHARACTERISTICS
T I
n 10 Via=8.5mV_]
\ (at 25°C)
g » \ 8 5
3 N | Te=-20C it
2 0 1 f-g:'z 0 O
& L — _x—T)‘-“-a;BO'C :; o
— g3 AN
-2 5% - N
€ ! F3 0
0 2 4 6 8 10 12 -20 0 20 40 60 80 100
Sensitivity Voltage (mVrus) Ta (°C)
(at 25°C)
Tow-Ta CHARACTERISTICS OUTPUT CHARACTERISTICS
- 80 800
L
160 600 == _p00
= <
2 2 PO 23 S— Icc=1.3mA
f 40 Icc=13mA — § 400 85
3 Cr02=0.684 F =
- (Tantalum
g v Electorolytic 200
1] Capacitor)
0 0
~20 0 20 40 60 80 100 0 1 2 3 74 5 6
Ta ('C) Vou (V)
OUTPUT CHARACTERISTICS
0.10 /
s /
: Icc=13mA
=2 Ta=25C
0.05
0
0 1 2 3 4 5
Luak (mA)
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HA1 6640 NT @ Write/Mechanism Controller for Floppy Disk Drive

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

FEATURES

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

WRITE Circuit also includes tripple power supply moni-
tor circuits, so can protect the Disk from abnormal writ-
ing or erasing at ON, OFF of supply voltage.

The delay time between write gate and erase gate timing is
generated by internal MONO MULT!I Circuit, so this IC is
able to apply for many kind of FDDs and HEAD com-
ponents.

The function of MECHANISM CONTROL circuit
conforms to the standard FDD's interface.

MECHANISM CONTROL Circuit has a power save func-
tion, and at the stand-by mode in operation, power save
circuit protects the equipment from internal temperature
increasing by inhibiting the load current in external com-
ponents, and also reduces the power dissipation in IC
chip.

The output interface has capability of large drive current,
and internal logic circuit has low power consumption by
means of Bi-CMOS technology. Especially, in the output
interface circuit, it is not necessary to have any external
TTL ICs because of including line drivers into IC chip.
With this device, it is able to design the print circuit board
without TTL ICs, and to reduce many external com-
ponents, also to shrink an area of print circuit board.
Signal processing and control circuit in FDD are able to
be constructed with only two ICs and some external dis-
crete devices by connecting with FDD READ IC,
HA16631P/MP.

B PIN ARRANGEMENT

SIDE 1 SELECT 41
WVop2 $2
COMMON 0 43
COMMON 1 M
WRITE CURRENT HL
WRITE a Vool
WRITE b T 00
ERASE HEAD LOAD
GND DIRECTION
INDEX STEP
READY STAND BY
TRACK 00 IN USE
WRITE_PROTECT WRITE GATE
READ DATA ERASE ON DELAY
Hv ERASE OFF DELAY
U wp
X
HanSl:: INDEX INTERVAL
WRITE DATA INDEX PULSE WIDTH
I READ DATA DISK IN

DRIVE SELECT

MOTOR ON

(Top View)

(DP-42S)

B BLOCK DIAGRAM

-

(©) CoMMoN 0
1 common [ > T
WRITE GATE 1 DRIVER — H
ERASE TIMER ©) CoMMON 1
(O WRITE a
W wiiTE i
A . DRIVER !
der 7 (© WRITE b
WRITE ;
CURRENT(© .
| ERASE ERASE
1 DRIVER '
WP @
.
I
TIREC
TION @ STEP MOTOR
1
CONTROL COUNTER
STEP ep@
T -
'
! 12V SUPPLY TIMER D-‘_
'
out
Too@ PUT 3—@ ACKO0
' GATE !
\ '
e o
T B GATE '
DRIVE (& . WRITE
SELECT — sjoutPuT PROTECT
L I 6ATE
STAND BY (Q ——— '
(SRVE™) 11 !
Co INDEX INDEX
xQ L‘PULSE puLse | BNPEX | Lour pur) READY
GENERA[TPERIODE " [Lonrer| [ICATE !
' TOR D.ETECTIO'N [
'
! ¥ ouT PUT] (©) TWDEX
|
4 '
I READ (:) T READ
bata @ out puT} DATA
! | cATE T
! '
NS @ fout puT] T
GATE
NMOTOR @ '
ov 1
K I8 (@ DISK IN fout PUT WoR
DISK N @ LaTCH | GATE T

* In the WRITE CIRCUIT, power supply monitor circuits
are included to watch the line voltage of 5V and 12V.
When the line voltage goes down to abnormal value, the
COMMON, WRITE, ERASE drivers are all inhibited

rapidly.
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B ABSOLUTE MAXIMUM RATINGS (T, =25°C)

Item Symbol Ratings Unit Applicable Terminal
Supply Voltage Vpop1 -0.3, +7.0 \ Vpp1
Supply Voltage Vpp2 -0.3, +14.0 \% VppD2
Interface Input Voltage VINT -0.3 to Vppy \ Note 1
Interface Input Voltage Vin2 -0.3 to Vpp2 \ Note 2
Interface Output Current loL1 50 mA Note 3
1U Terminal Output Current loL2 20 mA U
HV Terminal Output Current loLz 15 mA HV
MON Terminal Output Current loLs 5 mA MON
HL Terminal Output Current lOH5 10 mA HL
STEP Terminal Output Current loHE 5 mA o1 62 ¢3 ¢4
COMMON Drive Current (WRITE MODE) locw 100 mA COMMON O, 1
COMMON Drive Current (READ MODE) 'ocr 5 mA COMMON 0, 1
WRITE Drive Current loww 10 mA WRITE a,b
ERASE Drive Current loEw 85 mA ERASE
Input Current on the WRITE Current Set Terminal lwe 2.5 mA WRITE CURRENT
Power Dissipation Pp © t§55%°c) mwW
Operating Temperature Range . Top 0 to +70 °C
Storage Temperature Range Tstg -55to +125 °c
Notes 1. Applicable Terminal: SIDE SELECT, WRITE DATA, STEP, DIRECTION, IN USE, MOTOR ON, HEAD LOAD,
STAND BY, wm m 1 READ DATA

2. Applicable Termmal T00, DISK IN WP, IX and also Terminals from MM circuit connecting with the external C,R

time constant.

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

Circuit Block Item Symbol Test Condition min | typ max | Unit
Supply Voltage Range VpD1 4.5 5.0 5.5 \
Supply Voltage o T Voltage Range VD2 108 120 [13.2 [V
Output Voltage at v Vppg =12V 10.7 _ v
Selected WRITE Mode ocw Iocw =—100mA B :
Output Voltage at Vppz =12V
commoN | Unselected WRITE Mode Yocwu | Unselected e R
Driver Output Voltage at v Vppz =12V 4.7 v
Selected READ Mode OCR Icogp = —SmA - : ~
Output Voltage at v Vppa2 =12V 0.7 v
Unselected READ Mode OCRU | Unselected - - )
Output Current Range Icom - - 100 | mA
Input Current Range on the
=1 WRITE Current Set Terminal | /WC 0 - 25 |mA
g WRITE Driver output
: WRITE Current Accuracy Toww voltage = 10V 36| 4.0 | 44 |mA
= | Iwc=1mA
(<] WRITE Current Temperature Iwc=1mA
= | WRITE Coefficient i Tlow | 702 010 70°C - #0051~ |%LC
Driver a
Vppi1 =5V,
WRITE Current Symmetry Alow Vppz =12V -1 - +1 %
I owa'lowb
Vppi =5V,
Output Leak Current Ingw Vpp2 =12V - - 100 | nA
VOW =20V
Output Low v Vppi =4.5V. 0.6 v
ERASE Voltage OLER Iog = 80mA B - :
Driver Output Leak Current ILKER Kgﬁ == 525\\; - - 200 | A
Lower Line 12V Detection Voltage Verviz - 8.1 — v
Voltage 5V Detection Voltage V, — 3.8 - \
Protector € FRV3
(to be continued)
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Circuit Block Item Test Condition Symbol min | typ max | Unit
Signal High Level Input Voltage Vppy =5.0V Virr 24 - - \
Interface Low Level Input _
(Note 1) Voltage Vpp1 = 5.0V ViLr - - 0.8 v
High Level Input Current v, =5.5V
Signal ¢ P pp! Iy - - 10 | ua
Interface :ﬁ’" — ii‘;v
- (Note 1) Low Level Input Current VZD =1 (;V ’ Inry -10| - - A
High Level Input Voltage Vppj = 5.0V Vius 33 - - v
| Low Level Input Voltage Vppi1 = 5.0V ViLs - - 17 | V
Sensor I % =55V
Interface High Level Input Current VDDi 5 5;, Itys - - 10 | wA
(Note 2) ng; F =’5 5V
Low Level Input Current Vi =0V Ins -10 - - MA
Higher Threshold Voltage Vppi1 =5V VTH+IX - 3.5 - \
Index Lower Threshold Voltage Vpp1=5" Ver-1x | — 20 | - v
Input Hysterisis Vop1 =5V Vuys - 1.5 | - v
Interface ; Vop1 =45V o o
nput Current Vii = 2.6V Itarx -5 - 8 BA
Signal Low Level Output VDDI =4.5V _ .
Oﬁtput Voltage Iog = 48mA VoL 041V
Interface High Level Vpp1 = 5.5V
Output Current Vor =55V fon B ~ 250 | wA
E3 Low Level Output Vpp1 =4.5V
5 U Output 1y 1tage Ioz = 10mA VoL - - s v
g High Level VDDI =5.5V 8 _
S Output Current Vo= 5.5V fony - | 100 kA
S =
& Low Level Output Vpp1 = 4.5V VoLuv _ _ 0.5 v
g HV Output Voltage Iop = 15mA
Cé High Level Vpp1 =5.5V I ~ _ 100 A
2 Output Current Vo =13.2V OHHV .
= Low Level Output Vpp1 =4.5V VOLMN _ _ 04 v
3 MON Output Voltage Iop =5mA
= High Level Vpp1 = 5.5V I _ _ 50 A
Output Current Vo =5.5V OHMN “
High Level Vpp1 =5V _ _
HL Output Output Voltage Iog = ~-10mA VoHuL 36 v
Low Level Output Vbp1 = 5.5V I ~20 _ _ A
Current Vor =0V OLHL .
High Level Vpp1 =5V _ _
STEP Output Voltage Ioy = ~5mA Voustp 36 v
Output Low Level Output VDpp1 =55V 7 20 A
Current Vor =0V OLSTP _ " B b
Cex = 0.033uF
ERASE ERASE ON DELAY Rex = 33kQ2 tEN 044 | 0.52 | 0.60 | ms
Timer Cex = 0.069uF
ERASE OFF DELAY Rex = 33k tEF 091} 1.07 | 1.23 | ms
Index Output Pulse Cex = 0.033uF -
INDEX, Width Rex = 220k tIxXw 2.61 | 3.08 | 3.55 | ms
READY Index Detection Cex = 0.22uF - 42.1
Circuit Perio Rex = 390ke2 txi 3111366 | 42.1 | ms
12V Hold Hold Period Cex = 2.3uF
. . 39
Timer at 12V Rex = 56k22 'rv 471555 | 6 ms
Vpp1 = 5.5V, .
Supply Current 1 Vpps = 13.2V Ipp; - - 65 | mA
Dissipation No Load
Current . Vpp1=5.5V,
Supply Current 2 Vppg =13.2V Ipp2 - - 10 mA
No Load
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B Pin Description

Symbol Name Description
COM 0 Common Output terminal of Common Driver (SIDE 0). During the Head Select signal is selecting SIDE 0, a
Driver 0 common voltage appears on this terminal. The voltage value at WRITE Mode and that READ Mode
are shown in the Electrical Characteristics. This terminal supplies a current Which equals to write
current + erase current. When the SIDE 0 is unselected, a common voltage doesn’t appear, and this
terminal is pulled down to ground by a internal resistor with high resistance.
COM 1 Common Output terminal of Common Driver. (SIDE 1).
Driver 1 The function is as same as that of SIDE 0.
SIDE Side Input terminal for Head Select signal.
SELECT Select This signal selects the SIDE 0 or SIDE 1 of the common driver.
WRITE Write Driver | Output terminal of Write Driver.
a, b a, b The current multiplied by 4 with the determined current at the WRITE CURRENT terminal is sinked.
WRITE a and WRITE b turn on alternately according to the Write Data ‘1" or “0”".
ERASE Erase Driver | Output terminal of Erase Driver.
The drive transistor turns on during the period of Erase Gate signal keeping low, and the Erase Gate
timing is generated by write Gate signal in IC circuit.
This terminal has open collector NPN transistor, and erase current must be determined by an external
resistor.
WRITE. Write The terminal to determine the Write Current.

CURRENT Current

The Write current is determined with connecting an external resistor to +5V supply.
The Write Current on the WRITE a, b terminals is multiplied by 4 with the current on the WRITE
CURRENT terminal, as follow equation.

loww = x4 (mA)

where, Ioww: WRITE CURRENT on the WRITE a, b terminals.
Rex: External pull up resistor on the WRITE CURRENT terminal, and use the value in kQ
unit.

WRITE Write Data Write Data input terminal. -
DATA Input The signal is devided through the F/F circuit in IC, and drives the Write Driver.
WRITE Write Gate Input terminal for Write Gate signal.
GATE The write gate is enable at input Low, and allows data writing.
Erase Gate signal is generated with the determined delay from the negative and positive edge of Write
Gate signal, and drives an erase driver.
WP Write Input terminal for the detected write protect signal from the Disk.
Protect Common, Write, Erase drivers are all inhibited at input low, and WRITE PROTECT driver turns ON.
Input
ERASE ON Erase ON Terminal for connecting the external time contact Cex, Rex of internal Mono Multi circuit to deter-
DELAY Timer mine the delay time between the both negative edge of write Gate and Erase Gate signal.

It is necessary to determine the delay time for the fittest value according to the kind of FDD and
HEAD component.

ERASE OFF Erase OFF

As same as above, but the delay time is determined between the both positive edge of Write Gate signal

DELAY Timer and Erase Gate sxgnal
STEP Step Signal Terminal for step pulse input to drive the stepping motor to seek tracks.
Input With each one step pulse input, the driver outputs|e, , ¢,, ¢,, ¢, change sequentialy.
DIREC- Direction Input terminal for Direction signal to determine the direction of steppmg motor revolution.
TION Input Output drivers change with the direction of ¢, > ¢, > ¢, = ¢, at the input low, and ¢, —> ¢, = ¢, —
- ¢, = ¢, at the iuput High.
by, 0,, 0, 4 Phase Output terminals to drive the stepping motor coil. With each step pulse input, outputs change with
[N Stepper the direction determined by Direction signal.
Drive Output driver has emitter follower construction, but the driver cannot drive the stepping motor coil
Output directly.
It is necessary to have external driver devices such as discrete transistors.
BV Voltage Timer output terminal to drive an external transistors which switches supply voltage 12V to 5V each
Change other|for stepping motor coil.
Timer With each step pulse input or each head load execution, the output turns ON during the determined
period.
It is enable to switch supply voltage 12V to 5V alternately and to supply 12V for the stepping motor
coil during the period of Low level on this terminal.
HV TIME HV Timer Terminal for connecting the external time constant of internal Mono Multi circuit to determine the
period of keeping the JV output Low level.
WRITE Write Pro- When the input level of WP turns Low and the drive select is executed, this output turns ON.

PROTECT tect Qutput

214

(to be continued)
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Symbol Name Description
TOO Track 00 Input terminal for 00 track detection.
Input High level input makes the 00 track detection.
TRACK 00 Track 00 Output terminal for 00 track detection.
Output When the input level of T0O is High, and the both output ¢, , ¢, are High, this output turns ON.
X Index Input | Input terminal for the detected Index hole signal from the DISK.
Input Low shows the hole detection.
INDEX Index Output for the Index pulse.
Output With each input of the detected Index pulse at the IX terminal, the width formed pulse appears on this
terminal as a Index pulse.
INDEX Index Pulse | Terminal for connecting the external time constant of the internal Mono Multi circuit to determine the
PULSE Width Set output pulse width on INDEX.
WIDTH It is enable to adjust the pulse width independently to the diameter of the DISK hole.
READY Ready Output of the Ready signal.
Output When the disk revolution gets to the normal, after counting three index pulses, the output on this
terminal turns ON, and shows FDD has gone into READY state.
If the revolution goes down under the normal value, the output turns OFF rapidly and shows NOT
READY state.
And also the output shows High level continuously when Drive unit is not selected.
INDEX Index Terminal for connecting the external time constant of the internal Mono Multi circuit to determine
INTERVAL Interval the reference index period corresponding to the standard revolution number of the DISK
In case of the FDD equipment having another revolution number, it is easier to adjust reference period
by changing the time constant.
DRIVE Drive Input terminal for Drive select signal.
SELECT Select Input low makes the selected operation, and Write function, output interface, 1U output are all enable.
Input
STAND BY Stand by Input terminal for Power Save Signal to reduce the power consumption in FDD equipment and LSI.
Input Input high inhibits all output terminals in Write and Mechanism control circuit except common driver,
s0 power consumption in external circuit is reduced and this LSI makes itself into sleep mode.
At the same time, common driver turns the READ mode.
HEAD Head Load Input terminal for Head Load signal.
LOAD When READY is low and operation is under the not stand-by mode, head load is enable at the input
low.
HL Head Load Terminal for Head Load output.
Output Circuit has a emitter follower construction.
But this terminal cannot drive the coil of head load solenoid directly.
It is necessary to have an external driving transistor.
IN USE In Use Input terminal for IN USE signal.
Input When the DISK is charged and the DRIVE equipment is selected, and also the operation is under the
not stand-by mode, IU output is enable with the input low.
U In Use In Use Output.
Output Circuit has a open collector NPN transistor, and can drive LED directly.
1 READ Read Data Input terminal for Read Data from READ circuit such as HA16631P/MP, When both DRIVE SELECT
DATA Input and STAND BY are Low, inverted read data pulses appear on the READ DATA terminal.
READ Read Data Output terminal for Read Data.
DATA Output Circuit has an open collector driver, and negative data pulses appear on this terminal.
DISK IN Disk in Input terminal for Disk charge detection signal.
Input Input High shows the charged state. When the charged Disk is detected, MON output turns ON and the
motor starts, and also IU output turns ON too.
This function does not depend on the input level of MOTOR ON and IN USE. When the Disk revolu-
tion gets to normal state, after counting exght Index pulses, both MON and IU outputs turns OFF, so
the motor stops and IN USE LED turns OFF. _
After this operation, both MON and TU outputs depend on the input level of MOTOR ON and IN USE.
If the Disk is discharged, the motor stops and IU output is inhibited rapidly.
MOTOR ON Motor On Input terminal for the motor ON, OFF, control signal. MON is enable at the input Low.
Under the condition of the charged Disk and not-stand by, MON output turns ON with the MOTOR ON
input Low.
MON Motor On Output terminal for the motor ON, OFF, control signal.
Output Circuit has an open collector NPN dnvmg transistor,
Output Low makes the motor ON and High makes OFF.
Also this terminal is able to connect to the motor control IC, such as HA13431 and HA13432/MP.
VDD1 5V Power 5V Power Supply.
Supply
VbD2 12V Power 12V Power Supply.
Supply
GND Ground System ground
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B EXAMPLE OF APPLICATION CIRCUIT

+5V +12vV
}
R|2£ }
R ™
[Step Motor Coill
nerp o | p Mt idg. s
2 af R
SiDEQ Ro -
3 40f Tt ORI
? o e
ISiDE 1 Rs |
5 38| AT
5 37 He;dll..o?d |
olenoid
7 36 F
s 35 50
o 3
33 ©
HA16640NT 32 ©
31 ©
30, ©
Rex4 |
29] i
28 it x5 |
27 t
2 R3
25 :d 7 Rexz]|
24§ Rexsi e}
23 a2
22 ?_'@7
©]Input terminals from FDC
GND @©Output terminals for FDC
B TIME CHART
[HEAD OUTPUT [Tt ouTpuT
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HA16642MP,HA16642N

® Read/Write Functions
for Floppy Disk Drive

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

B FEATURES

@® Read Amplifier has a differential voltage gain of 200 typ.,
which is avairable to adjust by gain select terminal.

@® READ Circuit can be applied for the signal amplitude of
0.5mVpp to 10mVpp which is read out from HEAD
COIL, so that this IC has superior capability to apply for
a FDD less than 5 inches. .

@ In the read circuit, the peak shift is less than 1% for the
signal amplitude, 0.5mVpp to 10mVpp, at the Amp
input.

® In the WRITE circuit, the COMMON DRIVER, the
WRITE DRIVER, and the ERASE DRIVER can provide a
large current capability, so that can be applied to various
kinds of FDD's.

@ Write current can be established at any value according to
the external resistor. The write current is independent of
the supply voltage drift and temperature drift, with the
built-in stabilizing circuit.

@® This IC provides a function to reduce the write current at
the inner track on the disk with a external switching
signal. The reduce ratio of the write current can be
established at any value with the external resistor.

@® The WRITE GATE signal and the ERASE GATE signal
can be applied independently each other.

® A dual-mode supply voltage monitor circuit is built-in, to
inhibit a miss writing and a miss erasing at the power
supply timing, ON and OFF, and the abnormal supply
voltage.

® READ and WRITE functions are integrated in one chip,
resulting in broad reduction of external components.

EPIN ARRANGEMENT

HA16642MP

(MP-44)

HA16642NT

(DP-425)

@®HA16642MP
= o
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HA16642MP,HA16642NT

HBLOK DIAGRAM AND APPLICATION CIRCUIT

+5\
(s Rs
L 1L "
o . Rext Rex2
Cr Ce Rs Cexl Cer2
1 A
R SDiff Diff Comp -
F Out n - MM1 MM?2 RD Data Out
)00 OO0 -1
fee 2 :
|
Y i
G\D1 S— m Time Domain t
renti- Comp. Filter !
ator, :
i
1T 1
= = = { | | !
|
Write . - Power
i ircui 3 Write Erase Write 3 i
HS@— Common Drive Circuit (é::“r;g:ﬂr — Driver Driver Logic ?/r:npllt\nr —@PSM
|
I
|
I
1
i
e o—-ﬁ--o-o———— o- _
R/W SW COMO COM1 ITS/ LWS WT1 WG WD Veez Vee  GND2
Dy Ds wsO D7
DK : >
e o
coi
Df K . D
D2 D« Side 1 Ds
Re Rz Ds Do
—< A D
iy
g Ecoll
- 1t
1oV Ds Side 0 Dio-

: * Integrated Blocks
RK.

Ro
R
Rn

! To determine a bias current for read mode
To determine the increase ratio of a write current at the inner track.
To determine a write current at the outer track.

(Write current at the inner track is a summation of the currents determined by Riv and Ri1 respectively.)

B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Ratings Unit Applicable Terminal
Supply Voltage Veer 7.0 \' Veer
Supply Voltage Veer 16.0 \' Vees
Input Voltage Viy =0.2 to +7.0 A AMP IN
Differential Input Voltage ViNaurn 0to 5.0 v AMP IN
Output Voltage Vour -0.2 to t7.0 \' RD DATA OUT
Common Drive Current Icon 150 mA COM 0, COM 1
Write Drive Current It 15 mA WT 1, WT 2
Erase Drive Current Ik 120 mA EO
Power Dissipation Pr 800 mW Veer, Veer, Vi
Operating Temperature Range Tupr 0to t70 «
Storage Temperature Range T 55 to 125 C
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HA16642MP,HA16642NT

BMELECTRICAL CHARACTERISTICS (Ta=25T)

Circuit Block Item Symbol Test Condition min typ max Unit
Via 4.5 5.0 5.5 A%
Supply Voltage Range
Veer, 2 10.5 12.0 | 13.5 \
Differential Voltage Gain Avp f=250kHz, V.»=5mVrms — 200 — v/v
Input Bias Current Iis — — 15 1A
Pre Amp.
Common Mode Input Voltage Range Veu 2.0 2.7 3.4 v
Output Harmonic Distortion THD f=1kHz, Vi, =10mVpp — — 5 %
Peak Detector | Peak Shift PS f=250kHz, Vi =0.5 to 10mVpp - - 2.5 %
Voun Ve =4.75V, lon=—4001A 2.7 — — \Y%
Output Voltage
Vou Voo =4.75V, Jo. =4mA - - 0.4 \Y%
Rising Time e V66=5V, Vau=0.4 t0 2.7V — 30 — ns
Read Data Falling Time tTHL Voe=5V, Vou=2.Tt0 0.4V - — 15 — ns
* Processor tan f=125kHz 1.3 — 4
Timing Range #1 us
f=250kHz 1.3 - 2
f=125kHz 0.15 - 1.5
Timing Range #2 t2an us
f=250kHz 0.15 — | 0.75
Output Voltage at selected Write Mode Virews Vee2=12V, Icoy =120mA - 11 — \'4
Output Voltage at unselected Write Mode Viwewes Vee2=12V, at unselected — — 0.7 v
Cm"nmon Output Voltage at selected Read Mode Vkcus Veer =12V, Icon =1mA — 2.7 — \%
Driver
Output Voltage at unselected Read Mode Vrewes Vec2=12V, at unselected — — 1 0.75 \4
Output Current Range Icon - — — 150 mA
Output Low Voltage Vore Voo =5V, Io.. =100mA — — 0.5 A%
Erase Driver Output Leak Current Touk ) Von =12V, Voo =5V — — 100 1A
Erase Current Range Ier — — 120 mA
Write Current Accuracy Aciv Ve =5V, Vec2 =12V -7 — +7 %
Write Current-Supply Voltage Sensitivity Psmw Voo =5V, Vcc2=10.8 t013.2V — *+1.5 — %/V
Write Current-Temperature Coefficient Temre Vec=5V,Vecz=12V, Ta=0 to+70T| — | £0.05 — %/C
Write Driver
Write Current Symmetry Alwr Voo =5V, Veco=12V, Iwr1— w2 -1 — +1 %
Write Current Range Ler Ve =5V, Veca =12V 1 — 10 mA
Leak Current at Off Driver Toher Voo =5V, Vec2=12V, Vur=20V — — 50 A
Supply Voltage Detection Voltage for 5V Supply Vyoxt Vee2=12V 3.5 ~3.9 4.3 \%
Monitor Detection Voltage for 12V Supply Vyoxe Voo =5V 8.0 9.0 9.8 \4
Logic Input Input High Voltage Vin Voo =5V 2.0. — — v
Gate Input Low Voltage Vi WG, EG — — 0.8 A%
Schmitt Type Input High Voltage Vius Vee =5V 2.0 — — v
Logic Input Gate Input Low Voltage ViLs HS, WD — — 0.5 v
Read — 25 40
12V Supply Icc Vee=13.5V - mA
Dissipation Write B 16 -
Current Read - 36| 60
5V Supply Icc Vie=5.5V mA
Write - 33 —
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HA16642MP, HA16642NT

® PIN DESCRIPTION

Symbol Name Description

AMP IN Pre Amp Input | Terminal for differential input of pre amplifier in read circuit. A signal voltage picked up
through R/W coil is applied.

oD Gain Select Terminal for DC offset compensation of pre amp, and for gain selection. The amp gain
is available to be changed by connecting a resistor to the compensation capacitor in
series.

AMP OUT Pre Amp Output| Terminal for differential output of the pre amp in read circuit. A low pass filter is
connected between the input terminal of differentiator and this terminal.

DIFF IN Differentiator Input terminal of differentiator in read circuit.

Input Output voltage from the pre amp is applied to this terminal through the low pass filter.

DIFF CPL Differential Terminal for connecting a capacitor for differentiation. R, CF and LF are connected in

Coupling series, as shown in the block diagram.

DIFF OUT | Differentiator Output terminal of the differentiator. The differentiated signal is appeared on this

Output terminal with the phase shifted by 90°. The output is coupled through the capacitor and
is applied to the comparator input.

COMP IN Comparator Input terminal of the comparator in read circuit.

Input A signal with the phase shifted by 90° through the differentiator is applied, and the zero-
crossing point is detected. This terminal is pulled up to the bias source by the external
resistor. -

MM1 Mono Multi 1 A capacitor and a resistor are connected to these terminals. The capacitance and the

h resistance determine the output pulse width of the Pre Mono Multi Vibrator in the Time

Domain Filter Circuit.

MM2 Mono Multi 2 A capacitor and a resistor are connected these terminals. The capacitance and the

. resistance determine the output pulse width of the Post Mono Multi Vibrator in the Time

Domain Filter Circuit.

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

ouTt the read out signal from head coil is obtained.
The output pulse width is determined by the external capacitor and resistor of MM 2.
The signal output level is TTL compatible.

COM 0 Common Output terminal of Common Driver (SIDE 0).

Driver 0 During the Head Select signal is selecting SIDE 0, a common voltage is appeared on this
terminal. The voltage value at Write Mode and that at Read Mode are shown in the
Electrical Characteristics.

A current which equals to Write Current + Erase Current flows out from this terminal.
When the SIDE 0 is unselected, a common voltage is not appeared, and this terminal is
pulled down to ground by a high resistance in the IC.

COM 1 Common Output terminal of Common Driver (SIDE 1). The function is as same as that of COM

Driver 1 0.

HS Head Select Input terminal for Head Select signal. This signal selects the SIDE 0 or SIDE 1 of the
common driver. This terminal is consisted of Schmitt type input circuits. Input Low
selects COM 1.

R/W SW R/W Switch A transistor output for switching the bias state in head coil and in diode SW circuit,
according to READ/WRITE switching. This terminal is pulled down to ground level in
READ Mode, and it is pulled up to 12V in WRITE Mode.

WSO WRITE Output from regulated supply source in Write Current Setting Circuit.

Regulated

Voltage

Output )

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

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

N Difference Terminal to set the current difference (IwpF) between high level write current and low

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

IwpF = (High Level Write Current — Low Level Write Current)
Iw = Iy, + lypF ) ) )
Where; Iwy is high level write current, and Iy is low level write current.
Iwy-to-Iwr, current ratio is;
IwH/Iwp = 1 + l\gDF/IWL
It can be set at any value by Ry and Ryj.
ITS Current Switch | Input terminal for Write Current SW signal at inner & outer tracks. High Level Write
Signal Input Current is selected at input Low, and Low Level Write Current at input High.
WD Write Data Write Data Input Terminal.

Input The signal is devided through the F/F circuit in the IC, and drives the Write Driver.

(to be continued)
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Symbol Name Description
WT 1,2 Write Driver Output terminal of Write Driver. The current determined by external resistors at terminal
1,2 SWS and terminal MWS is sinked. WT 1 and WT 2 turns on alternately, according to

the Write Data ““1” or ““0”.

WG Write Gate Input terminal for Write Gate signal.
The write gate is enable at input Low, and allows data writing.

EG Erase Gate Input terminal for Erase Gate signal.
The erase gate is enable at input Low, and allows erasing.

EO Erase Driver Output terminal of Erase Driver. It turns on at erase gate input LOW. The output on
this terminal is an open collector output of NPN transistor, and the erase current is
determined by external resistor Ry 9.

PSM Power Supply The monitor circuit monitors the VG(f;x (+5V) and V(2 (+12V), and will inhibit the

Monitor common driver, the write driver and the erase driver when the supply voltage becomes

abnormally low, and the FLAG signal will appear on this terminal PSM. The Driver
Inhibit is released only when both VGG and V¢ are more that the specified voltages,
regardless of the supply sequence.

Vcel Amp Voltage Voltage for Pre Amp in read circuit.

Vceez Voltage for 12V | Another Voltage (Excepting for Pre Amp.)

VGG Voltage for 5V

GND 1 Amp GND GND for Pre Amp read circuit.

GND 2 GND for read circuit. (Excepting for Pre Amp.)

GND 3 GND for write circuit.

@ HITACHI 221



HA1 835P @ Voltage Regulator Control with Fail Detector for Digital System

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

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

B FEATURES
® 5V Regulated power supply control circuit
o Voltage drop can minimize with external PNP-type (DP-14)
transistor.
o Internal over current protection circuit for external
PNP-type transistor. B PIN ARRANGEMENT
® Watch dog timer
o Internal Digital band pass filter control circuit of pulse S
width detect type and Oscillation control circuit of e E E RESET
constant current charge-discharge type,' so Watch dog Ca [z 7] RESER
timer function controled by microcomputer’s soft-
ware. CLKE 12 Vee
o Band pass filter characteristic and Oscillation charact-
eristic can also set up at will with external circuit. Ry E 1]cs
® Power on automatic RESET pulse generator ¢ E o] Veosr
B BLOCK DIAGRAM v [ i
GND | 7 8 | Vadj
Vi Re Q Vou
% -L ! M o (Top View)

HAL835P

Current

Limiter

Sske
Reference b3

Voltage

Comp

Vaos

| |
I [
|
! 1
I [
| !
| |
| |
|
! |
' O
|
! ®
: |
|
I |
|
' RESET
CLK@ Fail Detector Power on Reset Detector |
|
| I
| |
| |
| |

(Band Pass Filter) Reset Signal Oscillator RESET

Cr

Ry Cr Re
300kQ 0.01uF 560kQ 0.1uF
GND I
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B ABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol Rating Unit
Supply Voltage Vee 30 \Y
Input Voltage Verk —0.3 to Vout \%
Vreser 17.5 \Y%

Output Voltage
VRESET 17.5 v
Ireser 2 mA

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

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

HMELECTRICAL CHARACTERISTICS (Ta=25°C, Vcc— 12V, V,..=5V unless otherwise noted)

Item Symbol Conditions min typ max Unit
Supply Current Icc Vce=17.5V, with PNP Transistor — 6.3 12 mA
® Voltage Regulator Control
Outpat Voltage Vol | Fi00- H8C, 1058 475 5 5B v

Va2 | YO e 1A 4.70 5.1 5.30 v

Line Regulation Viut tine Vee=6~17.5V, I[,.=0.5A —50 — +50 mV
Load Regulation Viut toad Vee=13.3V, l.=10mA~0.5A —100 - +100 mV
Ripple Rejection Rees ei=0.5Vrms, fi=1kHz 45 75 - dB
Limiter Operating Current Ics Res=0.2Q ) l.__Om — 2.0 A
Output Voltage Temperature Coefficient vaVnul/UT — —0.6 — m\)/"C
®Watch Dog Timer
“L"-level input Current In Vis=0v ~120 | -60 1 — | A
“L"-level input Voltage Vi — — 0.8
“H"-leve? input Voltage Vin 2.0 — -
“H”-level input Current Lin Vee=13.3V, Vou=5V, Viy=5V — 1.8 3.0 ‘mA
®Power on Reset _
“RESET” Terminal Low-Voltage Vorl lo1=2mA - — 0.4 \%
W Terminal Leakage Current Tonl Von=5V — — 5 HA
RESET" Terminal Leakage Current Ton3 Von=17.5V . — — 30 HA
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Item | Symbol | i Conditions [ min L typ | max | Unit
®Reset Time
Power on Reset Time ton 80 130 200 ms
CLK off Reset Time tofs R/=300kQ, Rr=560kS, 60 130 220 ms
Reset Pulse Low Level Time tRL Cs/=0.01xF, Cx=0.1xF 40 80 160 ms
Reset Pulse High Level Time - tRH 50 100 200 ms

Il TERMINAL' S FUNCTION

Terminal No. Symbol Function

1 Rr Connect the resistor “Rz”. Reset pulse width depended on “Rz”.

2 Cr Connect the capacitor “Ci”. Reset pulse width depended on “Cx”.

3 CLK Clock pulse input terminal for watch dog timer.

4 “Ry Connect the resistor “R;”. Frequency band width of filter circuit depended on “R,”.
Connect the capacitor “C;”. Frequency band width of filter circuit

5 C g
depended on “C,”".

6 V. Connect the external PNP-type transistor’s collector.

out This terminal supply 5V regulated voltage for internal circuit.

7 GND Ground.

8 Vi, QOutput voltage fine tuning terminal.

9 COMP Phase compensate terminal. Phase compensate could obtained
by the capacitor less than 100pF connected between Vcc treminal.

10 Veownr The external PNP-type transistor’s base control terminal.

1 c The current sense resistor that protect the external PNP-type

s transistor connected between Vcc terminal.

12 Vee Supply voltage terminal. Operating supply voltage range is 6V to 17.5V.

13 RESET RESET pulse output terminal for “L” level reset type microcomputer.

14 RESET RESET pulse output terminal for “H” level reset type microcomputer.

Note) RESET and RESET terminal are open collector output type.
So both terminal should connect the pull-up resistor about 5k().

B TEST CIRCUIT

2SB857D
S
Veorr
CLK Veont Vour
= Cou
= 100u
RESET
HA1835P
RESE

S3
Vaan
R/ ¢ GND Re Cr

Counter
Ry C Re Cr
300k ; 0.01u GND sookJ; 0.1y Unit R:Q
C:F
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-APPLICATION CIRCUIT

0.2
VB 2SB857
o o- AN

I 0 Vrer
3 z .
T Zz 10u L Z 100
i - Y = 5k
cs Vee Veost Vour
ET To Digital System
47 RES
HA1835P
CLK f—————0 From Digital System
-—
R Cs GND Re Cr

R ..I. s
300k l 0.0

B OUTLINE OF THE FUNCTION

(1) Voltage Regulator

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

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

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

(2) Method of Output Voltage Fine Tuning

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

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

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

(3) Current Limiter

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

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

0.3V
cs

lout (limit) =~

(4) Power on Reset

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

o Reset time for microcomputer system reset when

Re —[—
560k == CR Unit R:Q

0.1p

power on could set external parts resistor *‘ R.’’ and
capacitor “‘C,".

(6) Watch Dog Timer (Prevent function of system run-

(o]

away)

Watch dog timer is fail-safe function. This function
could reset the microcomputer §ystem when system
run-away.

The pulse that output from microcomputer’s soft
ware would detected by this IC’s internal band pass
filter. If the pulse frequency is off the normal micro-
computer’s frequency band, then this IC output the
reset pulse.

The internal band pass filter’s characteristics could set
external parts “R; “"and "' C,".

Remarks: RESET terminal and RESET terminal are open

Vaottery

collector output type. So both terminal should
connect the pull-up resistor about 5k§2.

, System Burst
—_—

N 1

CLK
' ,._I_LI
RESET —‘—,

|
| ) Reset Output Signal 3Hz
! |

Power on Reset Signal
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Output Voltage Veur (V)
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05(A)
I
LOTA)
1
0
0 5 10
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Clock Pulse Frequency (Hz)

7
\\
2% /
1k AN
500 j
N Permibsion Operationa]
Clock ‘Pulse Duty
N
200
N
Q N
N
N
100 =
BSFER
N
50 [ >
30
0 20 10 50 30 100

Clock Pulse Duty (%)

Fig.6 Permission Operational Colck Pulse

Duty VS. Fregency
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Clack Pulse Frequency (Hz)

20k
System Run-away
- Sense Region
10k! K
Ao
B (Ta=257C)
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1k N
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Operation Region [
500

N

100

20
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System Run-away
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20k
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Fig.7 Clock Pulse Frequency Input RangeVS. R:
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HA17733G,HA17733P,HA17733

Amplifier

@Differential Video

HA17733 is a video amplifier for wide band with small phase-
delay and excellent gain stability. This amplifier eliminates
external phase compensation and can fix the gain 10, 100 or
400 without using external elements. If some external
elements are used, any gain from 10 to 400 is available.

It finds main application in terminal units of computers,
interface or video amplifiers.

Industrial Use: . . .......... HA17733G, HA17733P
Commercial Use: . . .. ............... HA17733
B FEATURES

® WideBandWidth . . . ... ............ 120MHz

HA17733G

@ Good Response (DG-14)
® Gain is Easily Adjusted in the Range of 10 to 400
® Eliminates External Phase Compensation HA17733P, HA17733
B CIRCUIT SCHEMATIC
Vee
(0
Rs %Rio
LM £ A ﬂLJqs
K Qs
<& on
(DP-14)
INPUT INPUT2[ 17 R Tk
@_KQ. Q@ ORI
p —®) DouT2
Gain [GIA Rs gg GiB{Gain. o Riz Tk H PIN ARRANGEMENT
SELECT i ELE
a2 4 x D)
G2A !i. Ry GaB U
-jltli)(—: 1—_—{ INPUT 2 E E INPUT 1
o e Qe g, c E 5]
%f;. S T B
& A ; G2B E 12| G2a
GIB E E GlA
2 ] e
NC E I' Ne
OUTPUT 2 E E OUTPUT |
(Top View)
B ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
Item Symbol HA17733G HA17733P HA17733 Unit
Suooly Volt Vee +8 +8 +8 v
upply Voltage Vee —8 8 —8 v
Common Mode Input Voltage Vinccan +6 +6 +6 v
Differential Input Voltage Vinwisn +5 +5 +5 \%
Output Current Tout 10 10 10 mA
Power Dissipation Pr 625 *1 1625 *2 625 *2 mW
Operating Temperature Topr —20 to +75 —20 to +75 0 to +70 T
Storage Temperature Toe —65 to +150 —65 to +150 —55 to +125 C

% 1 When Ta is 70°C or more. the derating curve will be 7.6m\W/°C.
* 2 When Ta is 50°C or more. the derating curve will be 8.3m\V/°C.
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Il RECOMMENDED OPERATING CONDITIONS (Ta=257C)

Item Symbol Min Typ Max Unit

Sunnly Vol Vee 5.0 6.0 7.0 \'
y t

upply Voltage Vee —5.0 —6.0 ~7.0 v

M ELECTRICAL CHARACTERISTICS-1 (Vce=—Ver=6.0V, Ta=25T)

Item Symbol Test Conditions Min Typ Max Unit
Operating Supply Voltage Range Vee Note 1 3 — 8 v
Vee -3 - -8 \'
Gainl Note 2 250 400 600
Differential Voltage Gain Gain2 Avp Note 3 80 100 120
Gain 3 Note 4 8 10 12
Gainl - 40 -
Bandwidth Gain2 BwW R.=50 0 - 90 - MHz
Gain3 — | 120 =
Gain1l — | 10.5 -
Rise Time Gain2 t. R.=50 Q, V..=1V, , - 4.5 12 ns
Gain 3 - 2.5 -
Gainl — 7.5 -
Propagation Delay Time Gain 2 [ R,=50 Q, V.u=1V, , - 6.0 10 ns
Gain3 — 3.6 -
Gain 1 - 4.0 -
Input Resistance Gain 2 R.. 10 30 - kQ
Gain 3 - 250 -
Input Capacitance Gain 2 Cin - 2.0 - pF
Input Offset Current I - 0.4 5.0 HA
Input Bias Current I, - 9.0 30 HA
Input Noise Voltage Vicins R,=50 Q, BW =1kHz to 10MHz - 12# — #Vrms
Input Voltage Range v +1.0 - - \%
Common Mode Rejection Ratio Gain 2 CMR Vew=£1V ;;;z‘o‘:?z (ﬁ) 22 : dB
Power Supply Rejection Ratio Gain 2 PSRR | AVcc==10.5V, AVee=+0.5V 50 70 — dB
Input Offset Voltage Gainl Vocorn — Q.G 1.5 \
Gain2,3 — | 0.35 1.5
Output Common Mode Voltage Ve 2.4 2.9 3.4 A%
Peak to Peak Output Voltage Voo » 3.0 4.0 — Vp-p
Output Sink Current ) 2.5 3.6 - mA
Output Resistance R... - 20 - Q
Supply CurYent Ice — 18 24 mA
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B ELECTRICAL CHARACTERISTICS-2 (Vcc=—Vee=%.0V, Ta=0 to +70°C)

Item Symbol Test Conditions Min Typ Max Unit

Gain 1 Note 2 250 - 600

Differential Voltage Gain Gain 2 Avp Note 3 80 - 120

Gain 3 Note 4 8 - 12
Input Offset Current jm - - 6.0 HA
Input Bias Current I, - — 40 ~A
- Input Voltage Range 7 +1.0 — - \
Common Mode Rejection Ratio Gain 2 | CMR Vew=11V, f<100kHz 50 - — dB
Power Supply Rejection Ratio Gain 2 PSRR | AVie=710.5V, AVer=10.5V 50 — — dB
Input Offset Voltage All Gain| V..., - - 1.5 \'
Peak to Peak Output Voltage Voo » 2.8 — — Vp-p
Output Sink. Current J " 2.5 - - mA
Supply Current Ice - - 27 mA
Input Resistance ' Gain 2 R.. 8.0 - - Q

BELECTRICAL CHARACTERISTICS-3 (Vce=—Vie=6.0V, Ta=—20 to +75C)

Item Symbol Test Conditions Min Typ Max Unit

Gain 1 Note 2 200 - 700

Differential Voltage Gain Gain 2 Avp Note 3 70 - 130

Gain 3 Note 4 7 - 13
vlnput Offset Current I - — 7 . MA
Input Bias Current I - - 50 HA
Input Voltage Range Vi +1.0 — — \Y
Common Mode Rejection Ratio Gain 2 CMR Vey=*+1V, f=100kHz 46 - — dB
Power Supply Rejection Ratio Gain 2 PSRR | AVie=10.5V, AV,p=%0.5V 46 — — dB
Output Offset Voltage All Gain| V.., - - 1.5 AY
Peak to Peak Output Voltage Vo v 2.8 - - Vp-p
Output Sink Current Ink 2.5 - - mA
Supply Current I - — 29 mA
Input Resistance Gain 2 R.. 7.0 - — kQ

Note) 1. In this range. the apmlifier can be operating.

2. Connect G\ and G
3. Connect G\ and G:i.

4. Open all of the terminals for gain select.
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Single Ended Voltage Gain Avp (dB)

Phase ¢ (deg.)
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RELATIVE VOLTAGE GAIN VS. PEAK-TO-PEAK OUTPUT VOLTAGE, OUTPUT
SUPPLY VOLTAGE SINK CURRENT VS. SUPPLY VOLTAGE
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Differential Voltage Avo (diff)

DIFFERENTIAL VOLTAGE GAIN VS. SUPPLY CURRENT VS.
ADJUSTING RESISTANCE AMBIENT TEMPERATURE
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HA1127 o5 ramsitor avors

Hl PIN ARRANGEMENT

S
C,E e,
B;E 13 | E4( Substrate)
E,E EB,
B.E _1_1_10.
c,E EE.
a,|_'6__ Zla.
Es| 7 8 |C,

(Top View)

Note) Use pin-13 as the lowest potential of this IC.

(DG-14)

CHANGE IN THE COLLECTOR-
POWER DISSIPATION BY THE
AMBIENT TEMPERATURE

450
B ABSOLUTE MAXIMUM RATINGS (Ta=25C) s
Item Symbol HA1127 Unit £
Collector-Base Voltage Veso 20 v f 300
Collector-Substrate Voltage Vero 20 \ fg
Collector-Emitter Voltage Vero 15 \ H
Emitter-Base Voltage Veso 5 \ 2 150
Collector Current I 50 mA :ci
Collector-Power Dissipation Po* 300 mW
Collecotr-Power Dissipation Pt 750 mW
Operating Temperature T, —55 to +125 °C 0 50 100 150
Storage Temperature T —65 to +150 °C Ambient Temperature Ta ('C)
* per transistor
% % per package
W ELECTRICAL CHARACTERISTICS (Ta=25C)
Item Symbol Test Conditions Min Typ Max Unit

Collector -Base Breakdown Voltage Visw.cuo | Ie=10pA, 1.=0 20 - - vV
Collector-Emitter Breakdown Voltage Visr ceo | Ie=1mA, Ryr=c0 15 - — A%
Collector-Substrate Breakdown Voltage Viswocro | Te=10pA, Te=0, Is=0 20 - = vV
Emitter-Base Breakdown Voltage Voskoeso | Ie=10pA, 1:=0 5 — - vV
Collector Breakdown Voltage Teso Ver=10V, [.=0 - 0.002 40 nA

Ivo Ver=10V, Ryr=o0 - - 0.5 HA
Collector-Emitter Saturation Voltage Vit st I-=10mA, Is=1mA - 0.17 Ay
Base-Emitter Voltage Vi Ver=3V I =1mA — 0.72 - vV

il I-=10mA - 0.80
. I =1mA 40 140 -
Forward Current Transfer Ratio hie Ver=3V
I-=10mA - 120

Gain Bandwidth Product fr Ver=3V, I:=3mA - 460 - MHz
Collector Output Capacitance C. Vew=3V, I.=0, f=1MHz - 1.7 - pF
Emitter Input Capacitance C., Ves=3V, I.=0, f=1MHz - 2.0 - pF

Lo , , - 35 - ns
Switching Time Loy Vom0V, - 130 ns

Io=10 T4 = —10I4: =10mA
[ - 75 - ns
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SWITCHING TIME MEASURING CIRCUIT

RESPONSE WAVEFORM

ok _K_._—A_o to Oscilloscope 009
P.G. . 50 6k 1k Input {
i 0002 | 0.002 0 e 10%
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OPERATING CONDITIONS
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Collector to Emitter Voltage Vee (V)
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COLLECTOR TO EMITTER SATURATION BASE TO EMITTER VOLTAGE VS.
VOLTAGE VS. COLLECTOR CURRENT AMBIENT TEMPERATURE
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HA17555GS , HA17555PS ,HA17555

@Precision Timer

HA17555 is an IC designed for accurate time delays or
oscillations.

It provides both of trigger terminal and reset terminal in
order to enable a wide scope of application including Mono
Multi Vibrator and Astable Multi Vibrator, and the number
of external components is fewer. Further, it's compatible
with NE555 of Signetics.

Industrial Use: . . ... ...... HA17555GS, HA17555PS
Commercial Use: . . . . .. .. ........... HA17555
B FEATURES

® Mono Multi Vibrator can be constructed with one resistor
and one capacitor.

® Astable Multi Vibrator can be constructed with two re-
sistors and one capacitor.

® Delay time can be established widely from several
useconds to several hours.

@ Pulse Duty can be controlled.

® The maximum value of both sink current and source
current is 200mA.

® Direct connection of output to TTL is possible.

® Temperature/delay time ratio is 50ppm/°C (typ).

® Qutput is normally in the ON and OFF states.

W APPLICATIONS

@ Delay Time Generator (Mono Multi Vibrator)

® Pulse Generator (Astable Multi Vibrator)

@ Pulse Width Modulator

® Puise Location Modulator

® Miss Pulse Detector

H BLOCK DIAGRAM

R 5
TVu Control
Voltage

R

4
6 Compa- f* >|-—-~‘~<’ Reset
Threshold o—g— 2nP® .
Compa-

2
i Lﬂ" B [ Trigger
R

_‘ Flip-flop

Output l()?\'D
3 1

7
Discharge

Output

HA17555GS

(DG-8)

HA17555PS
HA17555

[
(DP-8)
H PIN ARRANGEMENT
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[+ 0
2] ]
] ]
L] B
(Top View)
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Control Volitage Terminal

‘Threshold Terminal
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(N[ |olsfw| |-
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G HITACHI

239



HA17555GS, HA17555PS, HA17555

Hl ABSOLUTO MAXIMUM RATINGS (Ta=25C)

Item Symbol 1)HA17555GS | 2)HA17555PS 2)HA17555 Unit
Supply Voltage Vee 18 18 18 \%
Discharge Current I 200 200 200 mA
Output Source Current Turce 200 200 200 mA
Output Sink Current ) 200 200 | 200 mA
.Power Dissipation Pr* 600 600 600 w
Operating Temperature Topr —20 to +75 —20 to +75 0to +70 °C
Storage Temperature T —65 to +150 | —55 to +125 | —55 to +125 °C
%*1) : Value under the condition of Ta =35°C. In case of more than it, 6.7mW/°C derating shall be performed.
2) : Value under the condition of T« =60°C. In case of more than it. 6.7mW/°C derating shall be performed.
M ELECTRICAL CHARACTERISTICS (Vcc=5 to 15V, Ta=25C)
Item Symbol Test Condition Min Typ Max Uuit
Supply Voltage Vee 4.5 | - 16 v
Vee=5V, R,=00 - 3.0 6.0
Supply Current * Ioe mA
Vee=15V, R =00 - 10 15
Timing Inherent Error - 1.0 —_ %
Error ** Ta Dependency E, Ta=--20 to +75C - 50 — ppm/°C
Voltage Dependency Vee=5 to 15V — 0.01 - %/V
Threshold Voltage Vir - 2/3 = xVee *
Trigger Voltage Vi Ve 15V — 5.0 — \%
Vee=5V - 1.67 -
Trigger Current I - 0.5 - #A
Reset Voltage Vi 0.2 | 0.5 1.0 v
Reset Current Iy - 0.1 - mA
Threshold Current Lin*** - 0.1 0.25 HnA
Control Voltage Ve Voo 18V 9 10 1 A
Vee=5V 2.6 | 3.33 4.0
I..+=10mA - 0.1 0.25
Veom15V I...+=50mA — 0.4 0.75
Vi I.+=100mA - 2.0 2.5 \
I..=200mA — 2.5 -
Output Voltage Vie=5V, Il.,.=5mA — 0.25 0.35
Voom15V Liree=200mA - 12.5 -
Vi l.uee=100mA 12.75 13.3 - \%
Vee=5V, I....=100mA 2.75 3.3 —
Output Rise Time t. - 100 - ns
No loading
Output Fall Time tr - 100 - ns
Oscillation Pulse Width t. b 10.0 - - Hs

*When output is Low (When it is high. .. is lower by ImA typically.)

* %R\ R.-1k to 100kQ, C- 0.1xF, T.. 5V or 15V

*k¥(R,- R at V.. 15V is determined by the value of Ith. It is 20MQ max.
* % % ¥ Output pulse width at mono multi circuit Output high level pulse width at astable circuit
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l CIRCUIT SCHEMATIC

Supply Voltage Vcc Output Voltage Vou (V)

5
Q (Control)
80 ‘ '
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7
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1
(GND)
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1%
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Relative Delay Time

OUTPUT VOLTAGE (Vo) VS.
SINK CURRENT (2)

OUTPUT VOLTAGE (Vo ) VS.
SINK CURRENT (3)

10 ==
Ve =15V
3 3
£ ; !
2 19 n S 10—l ;
s T = e
8 ; 2
S s Ta=75C\ ] j;‘ o3 Ta=75'C
H Rl ! =
S o i 2 o -20°C
& 257
25C 1 nr—
7
0.03 = 0.03
il
]
o0r 3 10 30 100 300 ! 1,000 o ! 3 10 3 100 300 1000
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AMBIENT TEMPERATURE SUPPLY VOLTAGE
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1.005 “ £ 1005
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. Low Level Trigger Level (Xlic)
Low Level Trigger Voltage (X Vec)
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HMDESCRIPTION OF HA17555 OPERATION

HA17555 is an Integrated circuit which can provide accurate
a time delay and oscillation. As for time delay or mono
multi operation, output pulse width can be determined by an
external resistor and a capacitor. At astable operation,
oscillation  frequency and duty cycle can be controlled by
two external resistors and an external capacitor separately.
It is possible to attract and induce 200mA current by output.
And also, operating voltage can be used at a wide range of
supply voltage, 5 to 15V. Particularly when supply voltage is
5V, output level is compatible with TTL input. '
HA17555 consists of reference voltage circuit, two kinds of
comparators, flip-flop, output circuit, reset and discharge
circuits.

1. Reference Voltage Circuit

Supply voltage is divided into three by 5k$2 resistance of R,
R, and R,. The edge of (2/3) Vcc is connected to compara-
tor A, the edge of (1/3) Vcc is connected to comparator B.
And (2/3) Vcc is drown out as a control terminal. By im-
pressing bias at (2/3) Vcc from the outside, it is possible to
change threshold level and trigger level of comparator.

2. Comparator A

Comparator A consists of Q, and Q,, R,, R,, R, and R;.
The base of Q, is connected to reference voltage (2/3) Vcc.
It switches when voltage of threshold terminal switches (2/3)
Vce off. In other words, when voltage of threshold terminal
is beyond (2/3) Vcc, Q, and Q, which have been cut off is
turned “ON”, and Q, and Q, are turned “OFF". So, Q, is
turned “ON’’ and resets flip-flop.

3. Comparator B

Comparator B consists of Q, through Q,,, R, and R,. The
base of Q,, is connected to reference voltage (1/3) Vcc, it
switches when voltage of trigger terminal cuts (1/3) Vcc off.
In other words, when voltage of trigger terminal decreased to
less than (1/3) Vcc, Q,, and Q,, which have been cut off are
turned “ON". Q,, and Q,, are turned “OFF". So, trigger is
supplied to the set side of flip-flop from the collector of Q,,,
and flip-flop is set.

4. Flipflop

PS flip-flop consists of Q,, through Q,,, R,, and R,,. Itis
stabilized when Q,, is turned “ON" and Q,, “OFF”, by
reset signal from comparator A. On the other hand, it is
stabilized when Q,, is turned “OFF"” and Q,, “ON", by set
signal from comparator A.

5. Output Circuit

Output circuit consists of Q,, through Q,,, R,, through
R,s;. Output level is determined, according to the state of
output transistor Q,, of flip-flop. When Q,, is “ON",
output level is “Higg”, and when Q,, is “OFF", itis “Low".

6. Reset

By making reset terminal “Low’’ level, prior to any other
input, the reset function can make it ““Low’’ level and start-
ing point of a new cycle.

7. Discharge Circuit

Discharge circuit can discharge or charge timing constant con-
nected to the both edges, by “ON" or “OFF" of Q,,. Q,, is
turned “ON" and discharged at “Low' level or when the
above reset is made.
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l AN EXAMPLE OF OPERATING CIRCUIT
1. Mono Multi Operation

V(Cfc
(4)[ (8) R,3 R,
Reset Vee A
o
@ Output @ Output
InputO———{Trigger
Discharge
(5)] Control &
Voltage
Threshold
0.1uF
u GND (6) 1.
Fig.1 Mono Multi Circuit
mn_ E
10
3 b O = ==
M ====: g:—_-;\‘* = =
> L
it
i
; &
j,,* 100ng
;: Y 1 V 1
E / A1y /
2
£ 1om
g
[S]
4
<5
Im -
4 il
1001 =
101 I
0.001 .01 .1 0 100

Timing Capacitance (' (uF)

Fig.2 Output Pulse Width vs. Timing Capacitacne

Fig. 1 shows a mono multi circuit using HA17555. It is
assumed that the external capacitor C is discharged by dis-
charge transistor Q,, inside IC in the beginning.

By adding trigger terminal to negative-going input trigger
pulse, flip-flop is set and Q,, us turned “OFF"”. Output is
driven to “High"".

Capacitor C is charged through resistor R at time constant 7

= RAC. When voltage at both edges of capacitor C reach
threshold voltage of comparator A, flip-flop is resetand Q,,
is conducted, capacitor C is discharged. So, output is re-
turned to ““Low’. Mono multi operation is occurred when'
negative-going input pulse reaches trigger level. When once
mono multi operation is occurred, re-trigger could be made,
even if re-trigger signal is added during this period.

According to Fig. 1 and Fig. 2, output pulse width is deter-
mined to be tw = 1.1 RAC. If negative-going pulse‘is added to
reset and trigger terminals at the same time during mono
multi operation, capacitor C is discharged and mono multi
operation is occurred again at positive edge of reset pulse.
Output remains “Low” as long as reset terminal is “‘Low"”.
When the reset terminal is not used, it is better to connect
reset terminal to Vcc in order to prevent miss operation.
Fig. 2 shows the characteristics of output pulse width when
the values of Ra and C are changed. Operating waveform is
shown in Fig. 3. If the reset terminal is connected to mono
multi circuit subordinately, it is possible to make sequential
timer.

2. Astable Operation

If the second resistor Rp is added to the circuit shown in Fig,
1 and threshold terminal is connected to trigger terminal,
HA17555 operates as an astable circuit. Fig. 4 shows the
circuit construction of HA17555,

Capacitor C is charged through Ra and Rp, discharged
through RB in this circuit. Therefore, duty cycle can be con-
trolled by Ra and RB. In Fig. 4, capacitor C charges and dis-
charges between threshold voltage (about 0.67 Vcc) and
trigger voltage level (about 0.33 Vcc). Fig. 5 shows a typical
example of astable operation. In this figure, time (tH) when
output is “High" level, time (t{) when output is ‘‘Low",
oscillation frequency (f) and duty cycle (D) are calculated as
follows;

t1=0.693(Ra+R5)C

t.=0.693Rz-C
_ 1.44
f (Ra+2Rs)C
RB
Duty Cycle D=m
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HA17555GS, HA17555PS, HA17555

Input

Output

Output at
Terminal C
(6pin)

5V

100us

(a) Vec =5V

5V

10v

Input
(5V/div) 0

Output
(10V/div) 0

Output at

Terminal C
(6pin) ¢

(10V/Adiv)

10V

(b} Vec =15V

Ra=8kQ
C=0.01uF
RL=1kQ

Ra =8kQ
C=001uF
RL=1kQ

Fig.3 Operation Waveform of Mono multi circuit

Open

0.1uF

Vee
(4) (8) R
S R
Reset Ve L T
(2) Output 3)
—{ Trigger
Disch
Sl
5)] Control Re E
Voltage
Threshold
(6)
GND L
5 » !

Fig.4 Astable Circuit

0 Output
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T T T
v |
L |
: — Ra=3.9kQ
| Rs =3.2kQ
Outpiit I C=0.1uF
o ; ? Ru=1kQ
Output at — 3 .
Terminal €T N\ N -~
(6pin) T !
0 +
v 200u's
e tw
(a) Vee =5V
T ]
v |
1 1
N |
i Ra=3.9kQ
Output | Rs =32k
T i : C=0.1uF
ofeers Ru=1kQ
i
Qutput at
Terminal C | 1 ] LN
NA
(6pin)
0
v 200us

(b) Vec =15V

Fig.5 Operation Waveform of Astable Circuit

3. Cautions in Use

Such integrated circuit for timer as HA17555 tybe may
produce switching noise on power supply and GND line dur-
ing usage. In this case, abnormal outpht waveform may be
produced by impedance inside power supply or impedance
between power supply and GND. So, please take considera-
tion in order to make impedance of each wiring less than the
following value at packaging.

Ko Ra
i _‘ E 3
ki 1 8
Vee ﬁ 2 7 J, Rs
'l’ 3 6
4 S .
0.luF T
’ R
o
R,: Power supply output impedance
R, £50mQ
R, , R, ¢ Lead wiring resistor
R, t+R,;, £100mQ
R,,. R, Substrate wiring resistor

R,, +R,, <20mQ
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HA16605W e conrse

Recently burner control equipment has been improved and
required to obtain small outline, high performance and multi
functions. And now, electronic burner controller is going to
become more popular to save energy and to have better
safety functions. -

The HA16605W is a one chip monolithic IC, integrated of
the sequential control part in the burner ‘control equipment.
This IC has four sequence control modes, so that it can
provide functions for various burner systems.

In each mode, fail-safe functions are provided. And this IC
has capability of drive relays directly.

W FEATURES

Four kinds of fixed control sequence

Commercial frequency 50/60Hz can be used for the clock
pulse of internal timer.

Transistors which can drive the power relay directly are
built in.

Comparators are built in.

Provides safety functions.

M BLOCK DIAGRAM

Input frm e — e m e oo

Terminal ! -: Out;
e ! i upu?
5 ===n  Terminal
@ 1 | ! | 1
] i i
@ : H P Timer S Timer : E
o I | e
® il | IR
il 2 2
e MR NN
. Lol
(R R
- [l bl
e L
Q| Iz h—et Control Circuit e 2 :>@
SRE |
| & E
®| ! e
1
nput Lheck: I
Terminal i
R !
|
® e
® ’

H PIN ARRANGEMANT
oY
ne [2]

s[5] 18] FDe
vee [1] 17] st
EV E 16] T
ic: [4] [15] wr
ro 7]

w (] ] e

aum ] 12] Ne
axp [io] 1] cp

(Top View)

(DP-20)
Hl PIN DESCRIPTION
Pin No. [ Symbol Description
1 P Decoder input to discriminate four
kinds of control sequence.
2 NC Non Connect
3 s Decoder input to discriminate four
” kinds of control sequence.
4 Vee Power Supply
Power transistor output for driving
5 EV* the magnetic-valve.
6 1G* Power transistor output for driving
the ignition equipment
Power transistor output for driving
7 RUN* the operation lamp
8 M+ Power transistor output for driving
the blower motor
Power transistor output for driving
9 ALM* the alarm lamp
10 GND GND
11 CcP Clock signal(50/50Hz)input
12 NC Non connect
13 EM Emergency stop signal input
Output of the water temperature
u WTe detection signal
15 wT Input of the water thermo signal
16 T Input of the reference voltage for the
water thermo and for the safety thermo
17 ST Input of the safety thermo signal
18 FD. Output of the flame detection signal
g
19 FD< Input of the flame detection signal
D Input of the reference signal for the
20 FD& flame detection

*Open collector output of NPN transistor
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HA16605W

HMABSOLUTE MAXIMUM

RATINGS (Ta=25C)

Item Symbol Rating Unit Applied Terminal Note
Supply Voltage Vee 7.0 V| Vee
—0.5 to Vec+5.0 CP, EM
Input Voltage Vin —0.5 to Vec+1.0 VvV |P, S
—0.5 to Vec+3.0 FD&, FD&, T, ST, WT 1
—0.5 to Vec+3.0 FDec, WTce
Output Voltage Vour \
—0.5 to +25 IG, EV, RUN, M, ALM 2
2 FDe, WTe
Output Current Lot 75 mA |IG, EV, M, ALM
100 RUN s
Power Dissipation Pr 500 mW
O»perating Temperature Range Topr —20 to +75 ‘C
Storage Temperature Range Tes —55 to +125 °C
Notes! 1. Internal impedance of the drive source should be more than 1kQ.
2. Allowable value when the output transistor is in OFF state.
3. Allowable value when the output transistor is in ON state.
BMELECTRICAL CHARACTERISTICS
Item Symbol Test Condition min max Unit | Application Terminal | Note
Low Vie — 0.6
Input Voltage V | CP,EM 1
High Viy 2.8 —
Input Clamp Voltage Vie Iice=-—12mA -1.5 - V | CP,EM
Vee=4.5V, JoL=2mA — 0.3 V | FDc, WTe
Output Voltage (Low Level) Voo Vee=4.5V, [o.=75mA — 0.7 V | IG,EV,M, ALM
Vee=4.5V, Io.=100mA — 0.7 V | RUN
Low I Vee=5.5V, V. =0V —200 —| KA
Input Current CP,EM
High Lin Vee=5.8V, Vin=5.5V — 100 wA
Vee=5.5V, Von=8.5V - 0.2 MA | FDc,WTc
Output Current (High Level) Ton Vee=5.5V, Vou=20V - 50| uA |IG,EV,RUN,M
Vee=5.5V, Vou=25V - 1.0/ mA [ALM
Comparator Input Bias Current Lis Vee=5.5V, V=0V —250 — nA 2
Comparator Input Offset Voltage Vio Vee=5.0V, V.y=1.4V - 10| mV 3
Comparat:)r Common Mode Input Voltage Vew 0 | Vec—1.6 v 3
Supply Current Iec | Vee=5.0V - 70| mA
Power Supply Voltage Vee 4.5 5.5 v
Maximum Clock Frequency fecr 10 —1! kHz
Notes' 1. Low and High signal levels applied to terminals CP and EM.
2. This item is applied to the inputs of comparators, FD+, FD—, T, ST and WT.
3. These items are applied to FD+<«=FD—, T++ST and T++WT of the comparators.
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HA16605W

M SIGNAL STATES AND LEVELS OF I/0 INTERFACE

Interface Block

Terminal Name

Signal State

Signal Level

Decod Connect to Vcc at “1” level input, and to GND at “0” Vinz4.0V
ecoder level input. ViL=2.0V
Clock Interface CP
E P : N Vinz2.8V
mergency state is detected at Low level input on this Vit<0.6V
Emergency Input EM terminal, and ALM output turns ON.
FDG High level on this terminal turns the sequence to the flame
detected state.
Comparator ST Low level on the inverting input turns the ALM output ON. [ 0= Vcow< Vcc—1.6V
Low level on the inverting input turns the all sequence
WT R
eset.
-Driver EV, IG, Output OFF equals to “1” level."
RUN, M, ALM Output ON equals to “0” level.

B SYSTEM CONNECTION

* 1
* 2
*3
* 4
*5

248

Vrs iy

Voo ey

*4

Clock Pulse

AL
1

HA16605W

*5

[ >_Eiﬁ
L]

- LEI,HEJLTITJFJL?I Lill;TJL;JE?L’

Emergency Stop

(50/60Hz)

LED for alarm lamp.

¥

Signal

LED for operation monitor lamp.

Relay coils to drive the electromagnetic-valve, the ignition equipment and the blower motor.
Device for flame detection ‘e. g. Cds’

Thermistors for detection of water temperature.
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HA16605W

Il SEQUENCE TIME TABLE

Sequence Code | P 0 P P 0 P 1

Item S 0 S 0 S 1 S 1

Pre-purge Timing 8 sec 17 sec 17 sec 68 sec

Ignition Timing *1 9 MAX 4 MAX 8 MAX -

Post-ignition Timing - - 17 170

Safety Switch Timing 9 4 8 -

Ignition Return None None Possible -

Pre-purge Return Provided Provided Provided —

Note) *1 Ignition should be turned off at the same time of flame O}

%2 All values shown in this table are measured under the condition of that:
clock input : f= 60Hz (commercial frequency)

Il SEQUENCE CHART

®P:0, S:0 ®oP:1, S:O0

£ 0 8 7 b 0 17_21

E FAN S v = VALVE J_-_—-"_‘#

JR—

E- SNt — e, 6N —

B5g| D B5% | FD

52| TH r —_ 25| TH —r —
252 ALM —_ 232 ALM D o

Reset to

z o 8 “initial z 0 17 2

Z I —state H AN _a - —
] VALVE | ______r T - VALVE | ______ I | S
@ [oman »n IGN m

— RUN — RUN -  —

S FH) — o — i ED -

= TH i, 1 = _r —
z"g ALM 22 ALM

Pre-purge return

= o 17 £4 0 17 21

23| FAN ——— 3 AN PR — 1
SEZ | VALVE | ™ — ©E VALVE | = 1

@55 | IGN — «5 3| IGN —

57 [ RUN - E2 2| RUN e

Swe | FD —— Cw2E|l F-D —_—

=ga | B SE® 1y

PR —— 252q| ALM [N s W
£5% | AM - £5 e :

H 0 3 17 Y 0 17 21

SET | pan T I $23 | Fan T | —
CEE| VALVE | T 1 p N SEZ | VALVE (= ___ ot __
232 | IGN [ W g3® | IGN n

525 | RUN + EST | RUN | Tt —
S S | S Y

= ED — ——— =g | ED e T o o S
g % S
EEZ | Alm — F3E | Alm
Note) The values in the Time Chart show the operating time (in second)

at f=60Hz clock input.



HA16605W

®P:0, S:1 oPpP:1, S:1
-~ 0 172 3 0 68 170 204 )
— Y i
3 | vaLve — £ ALVE | _r L__r ! —
Eawg| 1GN — _w | HEATER |
29EE| PUN £ |rUN T
5858 E:D EZ |FD .
ZEwa KEM - g D 24 XIL{M T |
e S
4 0 17 % 34 E 0 68 170
E VALVE | — | S 3 o B P O O ——
———————— L £.= VE Jre—————1
e 1N - —— 535 |HEATER |5 1
3£ RUN r A g2 |RUN —
55 | TH ! — 2so2|ED
25 ALM | — SSEEITH, I _—
E223
s 0 17 34 m
g‘g -§ m g FAN _"0_;53_1
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H e
re 2232
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HA16617P ,HAT6619P eruorcscent vissay orvers

HA16617P and HA16619P are fluorescent display drivers
operating in high voltage which use positive and negative
power source, respectively.

H FEATURES

® Capable of driving fluorescent display tube directly
because of the built-in 8 circuits and the built-in pull
down resistors at output.

@ For the inputs, CMOS or TTL accepted.

® The output pulse is non-inverted or inverted from the
input pulse in HA16617P or HA16619P, respectively.

(DP-18)

M CIRCUIT SCHEMATIC (1/8) HPIN ARRANGEMENT
®HA16617P ®HA16617P

w [1] 18] oumi
e [z [17] out2
s 3] [16] ouTs
v 1] [15] ours

R
IN " s 5] E 0TS
«X i 6| E 0UTe
w7 [7] E ouT?
1N E [11] ouTs
®HA16619P
GND E _1—0_.] Vee
GND
R:% (Top View)
IN o—m—-ﬂ «—— Q2
Cow

& @ HA16619P
. Q4

" —o OUT INI E ~ [18] oumi
2Rs N2 | 2 E 0UT2
oV N3 E 16] 0UT3
IN¢ E [15] ours
s[5 E ouTs
s 5| [13] ouTs
w [7] [12] out7
INg E (1] ouTs
Vee E E GND

(Top View)
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HA16617P,HA16619P

MABSOLUTE MAXIMUM RATINGS (Ta=25C)

Item Symbol HA16617P HA16619P Unit
Supply Voltage Vee —0.3 to +65 +0.3 to —65 \'
Input Voltage Vin —0.5 to +10 +0.5 to —10 \Y
Output Voltage Vour —0.3 to +65 +0.3 to —65 A
Output Current* Lot —45 —45 mA
Power Dissipation** Pr 625 625 mW
Operating Temperature Topr —20 to +75 —20 to +75 K
Storage Temperature Tos —55 to +125 —55 to +125 °
* When only one cin‘-cuit turns ON.
* % Value when Ta<50°C. Derating curve above Ta=50C shall be 8.3mW/°C.
HELECTRICAL CHARACTERISTICS (Ta=—20 to +75C)
HA16617P HA16619P
Item Symbol Test Conditions - Unit
min typ max min typ max
Vec=60V, Vo=57V 2.4 — — — — —
Vin \'
Vee=—60V, Vo= —55V — — — — — | —1.5
Input Voltage -
Vec=60V, Vo=3V — — | 0.4 — — —
Vie v
Vee=—60V, Vo= —3V — — — —4 — —
Vee=60V, Vi.=2.4V — — | 0.22 — — — A
In Vec=60V, Via=5V — 1 —Jos| | | 1"
Vee=—60V, Vi,=—1.5V — — — | —280 — — | MA
Input Current -
Vee=60V, Vi.=0.4V — — 80 — — —| KA
I Vee=—60V, Vi.=—4V — — — | -1.2 — -
mA
Vee=—60V, V.,.=—7V — — — | —2.6 — —
V. Vee=60V, Vi,=2.4V, Jo=—40mA 57 58.5 — — — - v
° Vee=—60V, Va=—4V,lo=—d0mA| — | —| —| -3[-15] —
Output Voltage
Vee=60V, V.,=0.4V — — 3.0 — — —_
Voo \
Vee=—60V, Vi,.=—1.5V — — — | —55 — —
Icciorrs Vec=60V, all Circuit Vi.=0.4V — | 0.04 0.4 — — — A
Irecorrr | Vee= —60V,All Circuit Ve —1.8V] — | — | —|-1.3] —| —| "
Quiescent Current
Icccony Vec=60V, One Circuit Vi,=2.4V — — 4.0 — — — A
Irecons | Vee=—60V,All Circuit Vo= —4V | — | —| —| 12| —| —| "
B APPLICATIONS
O®HA16617P ®HA16619P
ov +55V
T T ¥+5v
Ve Voo) [ Vee ) Vel Vaa) [ GND .
1L or cMog— Hatgorrp [T Fluorescent T or cMos—'8] atesiop [T | Fluorescent
GND GND Display Tube GND Ver Display Tube
i‘_—_‘—_, lO\" l~55\'
-5V
T+5V T+60V oV
Vee( Vop) Vee Vee! Voo GND B
o IN oUT Fli o IN OUT Fl cent
FIL or CMO HAloo17p Dioatay Tabe I or chos Halgop Display Tabe

oV
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HA16617P,HA16619P

HMBASIC CIRCUIT

,);ldpcd:-‘!-ab—_l Aipcd el ab ‘ ,,,—Ppcdf"nbm
I I I JUse as the
Segment Driver
THAL6617 P
sl sl s
1 [~ /I

[ I [ [
hy 5L, B
c—/— [-

,{\,-___J\___(Lﬂ,

Ve
FiL

(a) Static Type
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Use as the
Segment Driver §Vec

g

P s Y

M—l GGy
=

(b) Dynamic Type
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HA16617PJ,HAT6619PJ «rucrescent oispiay orivers

HA16617PJ and HA16619PJ are fluorescent display drivers
operating in high voltage which use positive and negative
power source, respectively. '

W FEATURES

® Capable of driving fluorescent display tube directly
because of the built-in 8 circuits and the built-in pull
down resistors at output.

® For the inputs, CMOS or TTL accepted.

® The output pulse is non-inverted or inverted from the
input pulse in 16617PJ or HA16619PJ, respectively.

(DP-18)

ECIRCUIT SCHEMATIC (1/8) M PIN ARRANGEMENT

®HA16617PJ ®HA16617PJ

w1 [1] [18] oumt
e 2] [17] our2
3 3] [16] outs
s e [1] [15] ours
IN o—~m—; Q R | ws [5] 1] ours

P ¥ | Re P 136 6] [13] outs
S GND wr [7] [12] oum7
N8 E E ouT8

®HA16619PJ GND E I_T] Vee
GND (Top View)
R %
1 o
x
@ % ®HA16619PJ
e g
fs " ot N E 18] OUTI

' e [7] [17] oute
. i 3] 16] 0uTs
wa 7] [15] ours
s 5 [14] outs
INg E [13] ours
w7 [7] E ouT?
s [8] [11] ouTs
Vee E E GND

(Top View)
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HA16617PJ, HA16619PJ

W ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

Item Symbol HA16617PJ HA16619PJ Unit
Supply Voltage Vee —0.3 to +65 +0.3 to —65 A
Input Voltage Vin —0.5 to +10 +0.5 to —10 \Y%
Output Voltage Viur —0.3 to +65 +0.3 to —65 \Y
Output Current * L —45 —45 mA
Power Dissipation ** Pr 625 625 mW
Operating Temperature T, —40 to +85 —45 to +85 C
Storage Temperature T —55 to +125 —55 to +125 °C

* When only one circuit turns ON
* % Value when Ta<50°C. Derating curve above Ta=50"C shall be 8.3mW/°C.

B ELECTRICAL CHARACTERISTICS (Ta=—45to +85°C)

HA16617PJ HA16619PJ .
Item Symbol Test Conditions - - Uuit
Min Typ Max Min Typ Max
Vee=60V, Vo257V 2.5 - - - - -
Viu \
Vee=—60V, V,=—55V = - - - - | —1.4
Input Voltage
v Vee=60V, Vo=3V - - 0.4 - - — v
B Vee=—60V, Vo= —3V - - - [ —43 - —
Vee=60V, V,,=2.5V - - 0.22 - — =
Iy Vee=60V, V,=5V - - 0.45 — - - mA
Vee=—60V, V.=—1.4V - — | —280 | —280 — -
Input Current .
Vee=60V, V.,=0.4V - - 80 - - - 1A
I Veg=—60V, V.,=—4.3V - - - -1.2 - - mA
Veg=—60V, V,=—7V — — - | —2.6 - -
Vee=60V, V.,=2.5V _ _ — -
y Io= —40mA 57| %85 v
o Ver=—60V, V,=—4.3V _ _ _ 31 —15 _
Output Voltage Iy=—40mA )
V. Vee=60V, V.,=0.4V - - 3.0 — - - v
ot Vee=—60V, V.=—1.4V - - - | -5 - -
Vee=60V, All _ _ _ _
Tccoorr Circuit V.=0.4V 0.04 0.4 N
Tieiors Vee=—60V, All _ _ _ 1.3 _ _
) EECOFF) Circuit Vi—=—1.4V .
Ouiescent Current -
Iec. on Vee=60V, One _ _ 4.0 _ _ _
cecom Circuit V,,=2.5V ) mA
I Vee=—60V, All _ _ _ 12 _ _
EECON Circuit V,,.=—4.3V

Il APPLICATIONS
®HA16617PJ ®HA16619PJ
Input voltage within O to +7V shall be used with regard to Input voltage within 0 to -7V shall be used with regard to
GND. GND.
ov +55V
T T Tf%\'
Vee( Voo) Vee Veeo Vag) GND .
C "
ITL or cMos— HAlgs17p [AT_f Fluorescent L or CMos— natsgrop [T Fluorescent
GND GND GND Vee
ll) v L -3V
t~sv
T*sv Tﬂsov oV
Vee Voo) Vec Ve Vun CN\D
T 1 -
7L or cMoS— HAteai7p [T Fuorescent TTL or CMOS—N tiatgsiop |1 Fluorescent
GND GND G\D Vee
r-—l ) l— 5\ l - 60\
(A
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HA16617PJ,HA16619PJ

HEBASIC CIRCUIT

i_ippcde‘n-b .ﬂpcd;n?ab
L | Ly

 — N —

===~

Vee
J
Use as the ‘élz
Segment Driver
(HA16617P)
S
V L

TN N

(a) Static Type
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HITACHI AMERICA, LTD.
SEMICONDUCTOR AND IC DIVISION

HEADQUARTERS

Hitachi, Ltd.

New Marunouchi Bldg., 5-1,

Marunouchi 1 chrome

Chiyoda-ku, Tokyo 100, Japan

Tel: Tokyo (03) 212-1111

Telex: J22395, J22432, J24491,
J26375 (HITACHY)

Cable: HITACHY TOKYO

U.S. SALES OFFICE

Hitachi America, Ltd.
Semiconductor and IC Division
2210 O’Toole Avenue

San Jose, CA 95131

Tel: 408-942-1500

Telex: 17-1581

Twx: 910-338-2103

Fax: 408-942-8225

Fax: 408-942-8880

REGIONAL OFFICES

NORTHEAST REGION

Hitachi America, Ltd.

5 Burlington Woods Drive
Burlington, MA 01803
617/229-2150

SOUTH CENTRAL REGION

Hitachi America, Ltd.

Two Lincoln Centre, Suite 865
5420 LBJ Freeway

Dallas, TX 75240
214/991-4510

NORTH CENTRAL REGION

Hitachi America, Ltd.
500 Park Blvd., Suite 415
Itasca, IL 60143
312/773-4864

NORTHWEST REGION

Hitachi America, Ltd.

2099 Gateway Place, Suite 550
San Jose, CA 95110
408/277-0712

SOUTHWEST REGION

Hitachi America, Ltd.

21600 Oxnard St., Suite 600
Woodland Hills, CA 91367
818/704-6500

SOUTHEAST REGION

Hitachi America, Ltd.

4901 N.W. 17th Way, Suite 302
Fort Lauderdale, FL 33309
305/491-6154

DISTRICT OFFICES

e Hitachi America, Ltd.
1700 Galloping Hill Rd.
Kenilworth, NJ 07033
201/245-6400

e Hitachi America, Ltd.
3500 W. 80th Street, Suite 660
Bloomington, MN 55431
612/831-0408

e Hitachi America, Ltd.
80 Washington St., Suite 302
Poughkeepsie, NY 12601
914/485-3400

e Hitachi America, Ltd.
6 Parklane Blvd., #558
Dearborn, M| 48126
313/271-4410

e Hitachi America, Ltd.
6161 Savoy Dr., Suite 850
Houston, TX 77036
713/974-0534

e Hitachi America, Ltd.
5775 Peachtree-Dunwoody Rd.
Suite 270C
Atlanta, GA 30342
404/843-3445

e Hitachi America, Ltd.

18300 Von Karman Avenue, Suite 730

Irvine, CA 92715
714/553-8500

e Hitachi America, Ltd.

10300 S.W. Greenburg Rd., Suite 480

Portland, OR 97223
503/245-1825

e Hitachi (Canadian) Ltd.
2625 Queensview Dr.
Ottawa, Ontario, Canada K2A 3Y4
613/596-2777
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