HA17901, HA17339 Series

Quadruple Comparators

HITACHI

Description
The HA17901 and HA 17339 series products are comparators designed for use in power or control systems.

These IC operate from a single power-supply voltage over a wide range of voltages, and feature a reduced
power-supply current since the power-supply voltage is determined independently.

These comparators have the unique characteristic of ground being included in the common-mode input
voltage range, even when operating from a single-voltage power supply. These products have a wide range
of applications, including limit comparators, simple A/D converters, pulse/square-wave/time delay
generators, wide range VCO circuits, MOS clock timers, multivibrators, and high-voltage logic gates.

Features

e Wide power-supply voltage range: 2 to 36V

e Extremely low current drain; 0.8mA

e Low input bias current: 25nA

e Low input offset current: SnA

¢ Low input offset voltage: 2mV

e The common-mode input voltage range includes ground.
¢ Low output saturation voltage: 1lmV (51A), 70mV (1mA)
e Qutput voltages compatible with CMOS logic systems
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HA17901, HA17339 Series

Ordering Information

Type No. Application Package
HA17901PJ Car use DP-14
HA17901FPJ FP-14DA
HA17901FPK FP-14DA
HA17901P Industrial use DP-14
HA17901FP FP-14DA
HA17339 Commercial use DP-14
HA17339F FP-14DA
Pin Arrangement
Vout2 [ 1| ~ 114 ] vout3
Voutt [ 2 | 13] vouts
Vo [3] A\ A\ [12] GND
Vin(-)1 [ 4 | ] T 1] vin(+)4
vin(#)1 [ 5 | 110] Vin(-)4
Vin(-)2 [ 6 | |9 | vin(+)3
Vin(+)2 E}I} @E Vin(=)3
(Top view)
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HA17901, HA17339 Series

Circuit Structure (1/4)
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HA17901, HA17339 Series

Absolute Maximum Ratings (Ta =25°C)

17901 17901 17901 17901 17901 17339 17339

Item Symbol P PJ FP FPJ FPK F Unit
Power- Vee 36 36 36 36 36 36 36 \
supply

voltage

Differential Vin(diff) Ve Ve Ve Ve Ve Ve Ve \
input

voltage

Input Vin -0.3to -0.3to -0.3to -0.3to -03to -03to -0.3to \
voltage +Vee +Vee +Vee +Vee +Vee +Vee +Vee

Output lout*? 20 20 20 20 20 20 20 mA
current

Allowable P; 625*" 625*" 625*3 625*3 625*3 625*" 625*3 mw
power

dissipation

Operating Topr -20to -40 to -20to -40 to -40 to -20to -20to °C
temperature +75 +85 +75 +85 +125 +75 +75

Storage Tstg -55to -55to -55to -55to -55to -55to -55to °C
temperature +125 +125 +125 +125 +150 +125 +125

Output pin Vout 36 36 36 36 36 36 36 \
voltage

Notes: 1. These are the allowable values up to Ta = 50°C. Derate by 8.3mW/°C above that temperature.

2. These products can be destroyed if the output and V. are shorted together. The maximum
output current is the allowable value for continuous operation.

3. See notes of SOP Package Usage in Reliability section.
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HA17901, HA17339 Series

Electrical Characteristics 1 (V.. =5V, Ta=25°C)

Item Symbol Min Typ Max Unit Test Condition

Input offset Vo — 2 7 mV Output switching point: when
voltage Vo=1.4V, R, =0Q

Input bias current | — 25 250 nA [y OF Iy

Input offset lis — 5 50 nA L = Dy

current

Common-mode Vi 0 — Vee—15 V

input voltage*'

Supply current s — 0.8 2 mA R, = e

Voltage Gain Ao — 200 — VimV R =15kQ

Response time*®  t, — 1.3 — us Ve =5V, R =5.1kQ2

Output sink losink 6 16 —= mA Vo = 1V, Vi, = 0, Vo £ 1.5V
current

Output saturation  V, sat — 200 400 mV Ving = 1V, Vs, = 0, losink =
voltage 3mA

Output leakage 5 — 0.1 — nA Vi = 1V, Vi, = 0, Vo = 8V
current

Notes: 1. Voltages more negative than —0.3V are not allowed for the common-mode input voltage or for
either one of the input signal voltages.

2. The stipulated response time is the value for a 100 mV input step voltage that has a 5mV
overdrive.

Electrical Characteristics 2 (V.. =5V, Ta=—-41to + 125°C)

Item Symbol Min Typ Max Unit Test Condition

Input offset Vo — — 7 mV Output switching point: when
voltage Vo =14V, R, =0Q

Input offset o — — 200 nA Ing = gy

current

Input bias current |5 — — 500 nA

Common-mode Vs 0 — Vee—20 V

input voltage*'

Output saturation  V, — — 440 mV Ving 2 1V, Vi, = 0, losink <
voltage 4mA

Output leakage i — 1.0 — uA Ving = 0V, Vi, 2 1V, V4, = 30V
current

Supply current 55 — — 4.0 mA All comparators: R = oo,

All channels ON

Note: 1. Voltages more negative than —0.3V are not allowed for the common-mode input voltage or for
either one of the input signal voltages.
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HA17901, HA17339 Series

Test Circuits

1. Input offset voltage (Vo). input offset current (I,), and Input bias current (I ;) test circuit

Rf 5k
sWA Vee
R 50 »—Mo—l SW1 SW2 Vout
z R 20k o On O Vei. = Ly
Vo Off Off Vo o~ 2°°€

- + 470“'}2 On Off Vo3 VC2 =14V
OJSWZ Off On Vo4
Rf5 k T
VC1 T

= VO1 (mV)

Y
10”1+ Rf/Rg

Voo = Vor (nA)

| =
17 R(1 + Rf/Rg)

lig =

Vos = Vo3 A
2 R +Ri/ Ry ™

2. Output saturation voltage (V, sat) output sink current (Iosink), and common-mode input voltage (V)
test circuit

Vee ltem Vgq Vez Ves SWI  SW2  sSw3 Unit
Vgsat 2V ov — 1 1 1 at \Y
= B 1 6k<> | %4 87k © Ve = 5V
o\~ o=
SW1 O 1 1 3at
f 2 13 sWs Vec = 15V
Ve é losink 2V ov 1.5V 1 1 2 mA
T 5k 50<1> j>50 Veu 2V —1to — 2 Switched 3 Vv
Vee between
%ch 1and?2
3. Supply current (I..) test circuit
(A0 Voo

ICC: R|_= oo
1V;

HITACHI



HA17901, HA17339 Series

4. Voltage gain (A,p) test circuit (R, = 15kQ)

+V oVee

20k

10k

20k

Vo1 —V
Ayp = 20 log Yo1 — Vo2 (gg)
i ViNt — Vinz

5. Response time (ty) test circuit

Vo
& P.G
VR o
Sk 30k 5057 120k SW 7;7112\,
-v

tz: R, = 5.1kQ, a 100mV input step voltage that has a SmV overdrive

e With Vy, not applied, set the switch SW to the off position and adjust V; so that Vj, is in the vicinity of
1.4V.

e Apply Vyy and turn the switch SW on.

90%

10%
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HA17901, HA17339 Series

Characteristics Curve

Input Bias Current vs.

Ambient Temperature Characteristics

Input Bias Current vs.
Power-Supply Voltage Characteristics
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HA17901, HA17339 Series

Output Sink Current losink (mA)

Voltage Gain Ayp (dB)
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HA17901, HA17339 Series

HA17901 Application Examples

The HA17901 houses four independent comparators in a single package, and operates over a wide voltage
range at low power from a single-voltage power supply. Since the common-mode input voltage range starts
at the ground potential, the HA17901 is particularly suited for single-voltage power supply applications.
This section presents several sample HA17901 applications.

HA17901 Application Notes

1.

Square-Wave Oscillator
The circuit shown in figure one has the same structure as a single-voltage power supply astable
multivibrator. Figure 2 shows the waveforms generated by this circuit.

Vee
% 4.3k
100k
R
75pF Vee
T [ -
e HA17901 »——0O Vout
Vec O +
100k

1 OOKi 1ok

Figure 1 Square-Wave Oscillator

N
=S
N
T

Horizontal: 2 V/div, Vert|ca| 5 ps/div, Ve =5V Horizontal: 5 V/div, Vertlcal 5 ps/div, Ve =15V

10

Figure 2 Operating Waveforms
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HA17901, HA17339 Series

2. Pulse Generator
The charge and discharge circuits in the circuit from figure 1 are separated by diodes in this circuit. (See
figure 3.) This allows the pulse width and the duty cycle to be set independently. Figure 4 shows the
waveforms generated by this circuit.

Vee

R{1M  D,1S2076

R,100k D,IS2076

HA17901 ——0 Vout

Figure 3 Pulse Generator
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HEEEEEEEEE EEEEENENEDN
HEEEESEEEE BEEEEEEEEEER

Horizontal: 2 V/div, Vertical: 20 us/div, Vo =5V  Horizontal: 5 V/div, Vertical: 20 us/div, Vo =15V

|
| |
™~
II

Figure 4 Operating Waveforms

3. Voltage Controlled Oscillator

In the circuit in figure 5, comparator A; operates as an integrator, A, operates as a comparator with
hysteresis, and A, operates as the switch that controls the oscillator frequency. If the output Voutl is at
the low level, the A, output will go to the low level and the Al inverting input will become a lower
level than the Al noninverting input. The Al output will integrate this state and its output will increase
towards the high level. When the output of the integrator A, exceeds the level on the comparator A,
inverting input, A, inverts to the high level and both the output Voutl and the A; output go to the high
level. This causes the integrator to integrate a negative state, resulting in its output decreasing towards
the low level. Then, when the A, output level becomes lower than the level on the A, noninverting
input, the output Voutl is once again inverted to the low level. This operation generates a square wave
on Voutl and a triangular wave on Vout2.

HITACHI
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HA17901, HA17339 Series

Vee J_ Vee 100k Vee
500p —
100k Vee
- Ay 3k 5 1k 3k
+V¢ ©—+ 10 |HA17901 T j + A,
0.1u=—= 0.01p

+ HA17901 Output 1
Frequency 20k ;
control 20k Vo2 o0—1-
voltage v
input 50k §° Output 2
Ag = Veo/2
Voo = 30V HA17901
+250mV < +V¢ < +50V +

700Hz </ < 100kHz

FigureS Voltage Controlled Oscillator

4. Basic Comparator

The circuit shown in figure 6 is a basic comparator. When the input voltage Vi, exceeds the reference

voltage Vi, the output goes to the high level.

Vee
Vino— |+ 3kQ
Vrer O——-
Figure 6 Basic Comparator

5. Noninverting Comparator (with Hysteresis)

12

Assuming +V is 0V, when V. is applied to the inverting input, the output will go to the low level
(approximately OV). If the voltage applied to +V is gradually increased, the output will go high when
the value of the noninverting input, +Vy X R,/(R; + R,), exceeds +Vggr. Next, if +Vy is gradually
lowered, Vout will be inverted to the low level once again when the value of the noninverting input,
(Vout — V) X R/(R; + R,), becomes lower than Vg, With the circuit constants shown in figure 7,
assuming V.. = 15V and +V;; = 6V, the following formula can be derived, i.e. +V X 10M/(5.1M +
10M) > 6V, and Vout will invert from low to high when +V, is > 9.06V.

(Vout — Vi) % R1Fi1R2 + VN <6V

(Assuming Vout = 15V)

When +V is lowered, the output will invert from high to low when +V; < 1.41V. Therefore this
circuit has a hysteresis of 7.65V. Figure 8 shows the input characteristics.
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HA17901, HA17339 Series

Vee Vee
+VRgr o—————— 3
R, HA1790 »—o Vout
+Vin o +
51M
10M
Ry

Figure 7 Noninverting Comparator

20 —
Voo =15V, +Vger = 6 V
+Vin=01t0 10V

16

12

Output Voltage Vout (V)

0 5 10 15
Input Voltage V, (V)

Figure 8 Noninverting Comparator 1/0 Transfer Characteristics

6. Inverting Comparator (with Hysteresis)
In this circuit, the output Vout inverts from high to low when +V > (V. + Vout)/3. Similarly, the
output Vout inverts from low to high when +V; < V../3. With the circuit constants shown in figure 9,
assuming V.- = 15V and Vout = 15V, this circuit will have a 5V hysteresis. Figure 10 shows the /O
characteristics for the circuit in figure 9.

Vee Vee
+Vin = 3k
M HA17901 »—o Vout
Vee +
————VA——

Figure 9 Inverting Comparator

HITACHI
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HA17901, HA17339 Series

20

Vee=15V

Output Voltage Vout (V)

0 5 10
Input Voltage V (V)

7.

Figure 10 Inverting Comparator I/O Transfer Characteristics

Zero-Cross Detector (Single-Voltage Power Supply)

In this circuit, the noninverting input will essentially beheld at the potential determined by dividing V.
with 100kQ and 10kQ resistors. When Vy is OV or higher, the output will be low, and when Vy is

negative, Vout will invert to the high level. (See figure 11.)

VCC

5.1k 5.1k

132076i }:A17901

Vin o

100% %100k Vee 5.1k

»—O Vout

imk 20M

14

Figure 11 Zero-Cross Detector
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HA17901, HA17339 Series

Package Dimensions

Unit: mm
19.20
20.32 Max
14 8
[ M1 i i )
©
Q=
1]
e 3|9
LT T T 7 O T T =
L 130 7
2.39 Max » 7.62
=
\ 2 / \
Te} M /H
c| £ /':l’/ \“‘\\\
\ = ) i b
254+0.25 0484010 5 0 0.2556¢
T T o et
0°—-15°
Hitachi Code DP-14
JEDEC Conforms
EIAJ Conforms
Mass (reference value) 097¢g
Unit: mm
10.06
10.5 Max
=)
14l nnnnnnn |8 &
0 e
D 0
() 0
1 0Oouoon 7
x 0 <
s S|S _7.80%8%
1.42 Max 2 & . 115
N NN
| oo | [ .
J\ j‘Oo — 80
0.70+£0.20
*0.42 £ 0.08
0.40+£0.06
B 012 M
Hitachi Code FP-14DA
JEDEC —
*Dimension including the plating thickness EIAJ Conforms
Base material dimension Mass (reference value) 023¢g
HITACHI
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HA17901, HA17339 Series

Cautions

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’s rights, including
intellectual property rights, in connection with use of the information contained in this document.
Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as acrospace, acronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foresecable
failure rates or failure modes in semiconductor devices and employ systemic measures such as fail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

This product is not designed to be radiation resistant.

No one is permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

Contact Hitachi’s sales office for any questions regarding this document or Hitachi semiconductor
products.
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