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SCL4043UB Inverting
SCL4050B Non-Inverting

CMOS
HEX-BUFFERS /CONVERTERS _

FEATURES

¢ Direct Drive of 2 TTL/DTL Loads

¢ Operation from Smgle Supply

¢ Pinfor Pin Replacements for SCL4009B,
SCL40108

DESCRIPTION

The SCL4049UB and SCL40508 are Inverting
and Non-Inverting Hex Butfers, respectively, and
teature logic-level conversion using only one supply
voltage (Vee). The Input-signal high level (V1) can
exceed the VCC supply voltage when these devices
are used for logic-level conversions. These devices
are intended for use as CMOS-10-DTL/TTL con-
verters arid can drive directly two DTL/TTL Loads,

The SCL404SUB and SCL4050B are inter-
changeable with SCL400SUB and SCL40108 de-
vices, respectively. in these applications the
SCL4049UB and SCL4050B are pincompatible
with the SCL4009UB and SCL40108, respectively,
and can be subsmuted for these devices in existing
as well as in new deslgns Terminal No. 16 is not
connected internaily on the SCL4049UB or
SCL40508; therefore, connection to this terminal
is of no consequence to circuit operation.

SCHEMATIC DIAGRAMS

SCL4049UB

>0
e

SCL40508

167

CONNECTION DIAGRAM 4
{all packages)
NC 6Y 6A NC 5Y 5A 4Y 4A
1 | | | 1 L1
16 15 14 13 1z 11 10 9
SCL4049UB SCL40508
1 2 3 4 5 6 7 8
1 1 I 1.1 | | |
Vee 1Y 1A 2Y 2A 3Y 3A Vgg
Add suffix for package: M
C 16-pin Cerdip
° D 16-pin Ceramic
E  16-pin Epoxy &
F  16-pin Flat
H Chip -

RECOMMENDED OPERATING CONDITIONS

For mnvmurﬁ'reliability:

2t

DC Swcoly Voltage Voo -Vss 31015 Vde
Operz: °g Temperature Ta
C, D F, H Device 56510 +125 ©OC
E Druce 40to0 +85 ©C

Note: These devices contain input protection net-
works to Vgg only. Therefore, V4 (max)
may exceed Vo without damage (subject
0 absolute maximum ratings).

LOGIC DIAGRAMS

1 et gy 1A ’—-[>—' v
a2 >y 7 24 > oy
3 > 3v 34 > a3y
22 2 v’ aa >"av -
£a L 2 g5y sa > gy
6Y 64 = 2 6Y

r

g 2 eg ——
.

‘55 T 4y —

1 “ . .t
<% Y=A we Y=A
SCL40508

SCLA404%UB
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SCL4066B

CMOS_ QUAD ANALOG SWITCH

P

FEATURES

¢ Transmission or Multiplexing of Analog or
Digital Signals
¢ B80S Typical ON-Resistance for 15-Volt oper-
ation
© Switch ON-Resistance ‘Matched to within 582
over 15-Voit Signal-Input Range
¢ ON-Resistance Fiat over Full Peak-to-Peak Sig-
* nal Range
¢ High Degree of Linsarity:
K.0.5% Distortion (typ) @ fis = 1kHz,
Vig = 6Vp.p. Vpp-Vgg =10V, Ry = 10k§2
¢ Extremely Low OFF switch Leakage Resulting
n very Low Offset Current and High Effective
OFF Resistance:
10pA (typ) @ Vpp-Vss™ 10V, Ta = 25°C

¢ Extremely High Control Input Impedance (Con-

trol Circuit Isolated from Signal Circuit):
101282 (typ)
¢ Low Crosstalk between Switches:
~50dB (typ) @ ;s = 0.8MHz, R = 1kS)
4 Matched Control-Input to Signal-Output Capac-
itance Reduces Output Signal Transients
¢ Frequency Response, Switch ON = 40MHz (typ)

DESCRIPTION

The SCL40G6B is a Quad Bilaters! Switch
intended for the transmission or multiplexing of
analog or digita! signals. it is pin-for-pin compatible
with the SCL4016B, but exhibits a much lower
ON.resistance. In addition, the ON-resistance is rel-
stively constant over the full input signal range.
The SCL40B6 consists of four independent bilat-
eral switches. A single control signal is required per
switch, Both the P and the N device in a given
switch are bissed ON or OFF simultaneously by
the control signal. As shown below, the well of the
N-channel device on each switch is either tied to
the input when the switch is ON or to Vgg when
the switch is OFF, This configuration minimizes
the variation of the switch-transistor threshold

' SCHEMATIC DIAGRAM (one of four switches)

swTCH

,—h—f\ﬁ N
Vi

CONTROL-LINE DIASNG.
4 "}—o“" '
T3] '

SWITCH OM Y s vpp

SWITCH OFF, W D" +vgg
SIGHAL- LEVEL RanGE

s 3Vis SVpp

COnTROL

179

CONNECTION DIAGRAM N
(all packages)

Switch
A Switch D  Switch C

VoD ? /C-\l-mOUT IN

| | | 1 | [ 1

14 13 12 11 10 9 8
SCL4066B

1 2 3 4 5 6 7
1 I i ] I | |
M OUTQUIIN G C Ves

Switch A Switch B Sw&tch

Add suffix for package:

C 14pin Cerdip F  14-pin Flat N

D 14-pin Ceramic H Chip 17

E 14-pin Epoxy "

At:f\
RECOMMENDED OPERATING CONDITIONS ‘f
For maximum reliability: o 3=

DC Supply Voitage Vpp - Vss 31015

Operating Temperature Ta . 1
C, D, F, H Device 55 to 4125 OC
E Device 4010 +85 ©OC

voltage with input-signal, and thus keeps the DN-
resistance low over the full operating range.

The advantages over single-channel switches <in-
clude peak input-signal voltage swings equal to the
full supply voltage, and more constant ON-imped-
ance over the input-signal range. For sample-and-
hold applications, however, the SCL4016 is
recommended.

LOGIC DIAGRAM
g e
.....—D'I*> —
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '-? .
. 3
CoN Ves | Voo | Teow® 25°C LT Units
PARAMETER DITIONS (vdc} | (vde) Min. { Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE o] F
CURRENT bbo [Vin"VesorVpp | 0 s| - | oo - fo 005 - | 1.5 uAde
Al valid input 0 10 - 0.1 - 10001] 0.1 - 3.0
combinations 0 15 - 0.2{ ~ [0002] 0.2 - 6.0
MINIMUM INPUT HIGH Vi X
VOLTAGE Vis = Vss 0 5| - 40| - (275 | 4.0 - 40| Vdc
{Control Input) Vos* Voo 0 0] - 80| - |55 80} -~ | 80
tos = 10uA 0 15 - 120 -~ 825 | 120 - 1120
MAXIMUM INPUT LOW Vi ’
VOLTAGE Vi = Vgs 0 5110 - 1.0 |[225 | - 1.0 - Vde
{Control Input) Vos* Voo o[ 1w]20| -~ | 2045 -] 20| -
Ips = 10kA 0] 1w|30| -{30f675} - | 30| -
SWITCH INPUT/OUTPUT lors
LEAKAGE Ve=Vgs 7.6 [ +7.6 ~ 2100} - [20.01]2100| - | $200]nAdc
Vis=27.5Vdc
ON-RESISTANCE Row
C.D,F,H device Ve = Voo 75 [+780 _ | o0l - 80| 280 - | 320 Q
Vgs<Vis& Voo 0 | +15
R =10k .
- S 1* | _ | 30| - | 120] a00| -] ss0] 0
0 +10
25 (*428) _ o000| - | 270 | 2500] - | 3s00| @
0 +5
E device Rown | Ve " Vpo 7.5 1416] _ 280| - ol 280| - 300| Q
Ves€ Vis<Vpp 0 | +15
R 2 10k2 S 148 | _ | a| - | 120| a00] -] s20| 0
0 +10 .
25 14251 100 - | 270] 2500] - | 3200] @
0 +5
ON-RESISTANCE MATCH ARoy
(Seme package) Ve *Vpo 7.6 [ 476 _ _ _ s| - _ -1 a
VesSVis<Vpo [ 0 [ 415
R. =10k}
L 5 +5 _ _ _ 10| - _ Q
0 +10
25 | 425 _ _ _ 10 - - [y
0 +5

NOTES: ' Remaining Static Electrical Characteristics sre listed under “SCL4000B Series Family Specifications”
Tiow = -55°C for C, D, F, H device.
= —40°C for E device.
Thign = #125°C for C, D, F, H device.
=+ 85°C for E device. o
¥ This device has been designed for balanced output drive current specifications. Consult Family Specifications.
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SCL4066B

ELECTRICAL CHARACTERISTICS (Continued)

DYNAMIC CHARACTERISTICS {CL =50pF, T, =25°C)

Vss Vm.) . .
PARAMETER CONDITIONS (Vde) | (vde) Min, Typ. Max. Units
SIGNAL INPUTS (V,,) AND OUTPUTS (V,,)
PROPAGATION DELAY TIME toun,|Ve=Voo
tene | Vie=Square 0 5 - 20 40 ns
Signal Input to Signal Output Wave 0 10 - 10 20
R, = 10kQ 0 15 - 75 15
BANDWIDTH (-3d8) BW {V.=Vpo R,
(Sine Wave) V5Vl 1k -5 +5 - 54 - MHz
. centered | 10k - 40 -
@ 0.0vdd100k2 - 38 -
M - 37. -
INSERTION LOSS '
(=201 vm )
0930 V. Ve=Vpg R,
Va=Voo! Q| -5 +5 - |23 | - dB
centered | 10kQ | - 0.2 -
@0.0vdc[100k2 - 0.1 -
M - 0.05 =
SIGNAL DISTORTION
{Sine Wave) V.=Vpo -5 +5 - 0.16 - %
V=5V,
centered
® 0.0vde
fi5=1.0kHz
RL = 10k$2 -
FEEDTHROUGH (-50dB) VesVes R,
V=SV | 1k -5 +5 - 1250 - kHz
centered | 10k - 140 -
@0.0vdc 100k - 18 -
M - 2 -
CROSSTALK (-50d8) VelA)=vVpg -5 +5 - 09 - MHz
Between two switches Ve(B)=Vgg
VilA)=5V,
centered .
@0.0vde
RL = 10kQ2
CAPACITANCE
Input Ce - 8 - pF
Output Cos {Vc = Ve -5 +5 - 8 - eF
Feedthrough Cios - 05 - pF
CONTROL INPUT Vel
PROPAGATION DELAY TIME | tpe Vss<Ve&Vpo 0 5 - 50 100 ns
Turn on Ry = 10k (] 10 - 25 50
0 15 - 20 40
MAXIMUM INPUT fo  [Ves<Vu<Vpo 0 5 - 5 - MHz
FREQUENCY Ry = 1.0kQ 0 10 - 10 -
0 15 - 12 = :
CROSSTALK
{To signal port) V.=Square Wave 0 5 - 30 - mVv
Ry = 10kQ2 0 10 - 50 -
Ry, = 1.0k 0 15 - 100 -
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Typical channel ON resistance vs. signa! voltage for
three values of supply voltage (Vpp-Vsg)
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Typ. switch frequency response - switch “ON”
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Typ. crosstalk between switch circuits in the same
package
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Typical ON characteristics for 1 of 4 channels,
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SCL40668B

SPECIAL CONSIDERATIONS — SCL40668

1. In applications where separate power sources are used to drive Vpp and the signal
inputs, the Vpp current capability should exceed Vpp/Ry, (Ry = effective external
load of the 4 SCL4066B bilateral switches). This’ provision avoids any permanent
current tiow or clamp action on the VDD supply when power is applied or removed

from SCL40668B.

2. In certain applications, the external load-resistor current may include both Vpp and
signal-line components. To avoid drawing Vbp current when switch current flows
into terminals 1, 4, 8, or 11, the voltage drop across the bidirectional switch must not
exceed 0.8 volt {calculated from Ry values shown).

No Vpp current will flow through Ry if the switch current flows into terminals 2, 3,
9, or 10. Failure to observe this condition may result in distortion of the signal.

APPLICATIONS INFORMATION

» spoT
o w7 Vos2
Vis os v'so-—o/o-—o\b‘
* Il
o oeo?
¢} DPST Vosaz Viaa
V&o—%"«m V:sz |, Vosa Vosar Vosaz
—O0 Visa O-——of Vosar v O—o .
X . ] '3
W1 B 8"
—O'c_n_ Viss O »
-Ove I
Basic Switch Functions using the SCL40568
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SCL4510B

~_ CMOS
BCD UP/DOWN COUNTER

FEATURES

‘Internally Synchronous for High Speed
Asynchronous Preset Ensble
Asynchronous Resst

Logic Edge-Clocked Design

6MHz Counting Rate @ 10Vdc

Carry Output for Cascading Stages

LA X X RPN

DESCRIPTION

The SCL4510B consists of a four-stage Up/
Down Counter with provisions for *look-shead"’
carry in both counting modes. The inputs consist
of & single Clock, Carry-in {Clock Enable), Reset,
Up/Down, Preset Enable, snd four individual Jam
signals. Four separate buffered Q signals and a
Carry out signal are provided as outputs

A high Preset Enable signal altows information
on the Jam inputs to preset the counter to any
state asynchronously with the Clock. A high on the
Reset line resets all stages to the “zero” state, The
counter is advanced one count at the positive
transition of the Clock when the Carry-in and
Preset Enable signals are low. Advancement is
inhibited when the Carry-in or Preset Enable

signals are high. The Carry-out signal is normally .

high end goes low when the counter reaches its
maximum count in the Up mode or the minimum
count in the Down mode, provided the Carry-in
signal is low. The Carry-in signal in the low state
csn thus be considered a “Clock Enable.” The
Carry-in terminal must be connected to Vgs when
not in use.

The counter counts Up when the Up/Down
Input is high, snd Down when the Up/Down input
is low. Multiple packages can be connected in
either a paraliel-clocking or » ripple-clocking ar-
rangement. Parallel clocking provides synchronous
control and hence faster response from all counting
outputs. Ripple-clocking sllows for longer clock
input rise and fall times.

This counter finds primary use in up/down and
differential counting and frequency synthesizer
spplicetions, It is also useful in A/D and D/A
conversion and for magnitude and sign generation,

TRUTH TABLE
b PRESET
CARRY IN| UP/DOWN | EnaBLE RESET| ACTION
1 X o 0 No Count
0 1 0 (] Count Up
1] (] ] [ Count Down
X X 1 [] Proset
x x x 1 Reset
X = Don’t Care
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CONNECTION DIAGRAM
(atl packages)

Vpp CL Q3 P3 P2 Q2 U/D R

! L | L1 1
16 15 14 13 12 11 10 9
SCL45108
] 2 3 4 5 6 7 8
RI | N
PE Q4 Pa P1 Ti a1 CO vgg

Add suffix for package:

C 16-pin Cerdip
D 16-pin Ceramic
E  16-pin Epoxy
F 16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage Vpp-Vgs 31016 Vdc

Operating Temperature TA
C, D, F, H Device
E Device

55t0+125 ©oC
4010 +85 ©OC

BLOCK DIAGRAM

10—re a L]
S O—OiCarry In
20—n Qp—on

0 O—f Up/Down
1 O—1Cioch 03 }——O14

S O—1{ P9
12 0—1p2 Q4—02
13 0——{p3 —
Corey 7
3 re o
Vpp = Pin 18
Vag = Ping
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v
i SCL4510B
e 5
ELECTRICAL CHARACTERISTICS
-
STATIC CHARACTERISTICS'
& 2 °c. 3
PARAMETER Voo | conpimions | Tiow e THicH__| ymin
(vde) Min. | Max. | Min. | Typ. [ Max. | Min. | Max.
QUIESCENT DEVICE CURRENT/! 5 [Vin=Vgs 0rVpo| — 5 - | 005 5] - [ 150 { pAdc
®1 10 |atvatidinpw ] - | 10| - {01 | 10| - | 300
15 binati - 20 - |02 20 - | 600
NOTES: ! Remaining Static Electrical Characteristics are listed under “SCLA000B Series Family Specifications”.
? TLow = -55°C for C, D, F, H device.
= -40°C for E device.
Thicn = $125°C for C, D, F, H device.
=+ B5°C for E device.
L4
DYNAMIC CHARACTERISTICS {C, = 50pF, T, = 25°C)
Voo . .
PARAMETER I vdel l Min, I Typ. Max. Units
. CLOCKED OPERATION
PROPAGATION DELAY TIME toLm. onL,
Clock to Q 5 - 325 650 ns
10 - 125 250
15 - 100 200
Clock to Carry Out 5 - 325 650 ns
10 - 125 250
15 - 100 200
Carry In 1o Carry Out 5 - 175 350 ns
10 - 75 150
15 - 55 110
OUTPUT TRANSITION TIME t Wt
FLH. b 5 _ 130 260 -
10 - 65 130
15 - 50 100
MINIMUM CLOCK PULSE WIDTH PWe
5 - 170 340 ns
. 10 - 85 170
R - 15 - 70 140 .
MAXIMUM CLOCK FREQUENCY fer
5 1.5 3.0 - MHz
10 3.0 6.0 -
15 4.0 8.0 -
MAXIMUM CLOCK RISE AND FALL TIME' [
5 15 - - us
10 15 - -
15 15 - -
MINIMUM SETUP TIME Tuotup
arry [n 5 - 130 260 ns
10 - 65 130
15 — 50 100
Up/Down 5 - 250 600 ns
10 - 100 200
15 - 75 150
PRESET OR RESET OPERATION
R PROPAGATION DELAY TIME LUIRYIRE Y
Preset Enable or Reset to Q 5 - 325 650 ns
10 - 125 250
15 - 100 200
Preset Enable or Reset 1o Carry Out 5 - 410 820 ns
10 - 165 330
15 — 130 260
MINIMUM PRESET ENABLE OR RESET
PULSE WIDTH PWpe, PWR
- 5 - 100 200 ns
10 - 50 100
- 15 - 40 80
3 PRESET ENABLE OR RESET REMOVAL TIME |1,
5 - 325 650 ns
10 - 110 220
$ 15 - 80 180
H -
. ! When units are cascaded, the maximum rise and fall times of the clock input should be equal to or
i less than the transition times of the data outputs driving dats inputs, plus the propagation delsy of
- the output driving stage for the output capacitive load. '
"‘.'
r'ai

259




Vos, DRAIN WOLTAGE (véc)
;20 -18 416 14 12 0 B 6 4 2 o . .
| = g
Vos =<5 Ve 5
| e 10 ; E T
Vos = 10 Vee —p<3 -15 g & Vo, = 15 Vdc
! 20 £ e
L] o C 2 1
25 47
Vo =~15 Vdc 0 § 15 S Vs = 10 Ve
10 i o e
S L 35
T.=¢ = 0 2 4 6 8 10 12 14 16 18 20 :25
11 Vie. DRAN YOLTAGE (Vde) ol
Typical P-Channe! Typical N-Channet e
Source Current Characteristics Sink Current Characteristics ;?
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APPLICATIONS INFORMATION ‘,-'I'f""
CASCADING COUNTERS ' i
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SCL4518B
SCL4520B ' 9

CMOS DUAL UP COUNTERS

FEATURES

Two independent 4-Bit Counters

Internally Synchronous for High Speed

Dual BCD (SCL4518B) and Dual Binary
(SCL45208) Configurations

Direct Reset

Logic Edge-Clocked Design

Trigger from either Edge of Clock Signal

Static Operation— DC 1o 5SMHz @ 10Vdc

*00e oeoe

DESCRIPTION

The SCL4518B Dual BCD Counter and the
SCL4520B Dual Binary Counter are constructed
with MOS P-channel and N-channel enhancement-
mode devices in a single monolithic structure. Each
consists of two identical, independent, internally
synchronous 4-stage counters. The counter stages
are type-D flip-flops, with interchangeable Clock
end Enable lines for incrementing on either the
positive-going or negative-going transition as re-
quired when cascading multiple stages. .Each
counter can be cleared by applying a high level on
the Reset line. In addition, the SCL4518B wili
count out of all undefined states within two clock
periods. These complementary MOS up counters
find primary use in multi-stage synchronous or
ripple counting spplications requiring low power
dissipation and/or high noise immunity.

TRUTH TABLE
CLOCK ENABLE RESET ACTION
— 1 0 Increment Countes
0 N 0 Increment Counter
—_ X 0 No Change
X — [+] No Change
- 0 0 No Change
1 . 0 No Change
X X 1 Q0 thruQ3 = 0
X = Don’t Care

e FFRHRRRRR

Hon 12113 ra1s 18] 19)rg

slrieleolr
L' —
—

CONNECTION DIAGRAM
(a!! packages)

Vpo H]B Q?B lea 0'13 Qos E?aCliKa
]
16 15 14 13 12 11 10 9
SCL4518B SCL45208
1 2 3 4 5 6 7 8

1 1 1 i I | 1
CLKAENAQpa Q15 Q24 Q34 Rp Vs

Add suffix for package:

C  16-pin Cerdip -
D 16-pin Ceramic

E  16-pin Epoxy

F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

Operating Temperature Ta
C, D, F, H Device
E Device

65t0 +125 oC
4010 +85 ©OC

BLOCK DIAGRAM

(1%, 1§
] %o 3
e g S
[+
2 - Q2 L
Cnamc e
R @30
RESET
To J
cu:cx . ag "
' D_ c QT —o0 12
10
tnanLE Qg —om
g O3p—o1e
PMEBET
o |

$CL4518 — Dual BCD
SCL4520 — Dual Binary UP Counter
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SCL45188B, SCL45208

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS

N 7 3 3
PARAMETER Voo | conpimans [T $BC .1 Twoen' |y
Vec) Min. | Max. |-Min. | Typ. T Max.| Min. | Max.
QUIESCENT DEVICE ool
CURRENT B [Vu=Vsorvoo | — | 65| - Joos| s - 150 [pace
10 |Ativatidioput | - [ 10 | = [0 | 10| - {300
16 _feombinations | - [ 20 | - |02 | 20] - {600

NOTES: ' Remaining Static Elsctrical Characteristics are listed under “SCL4000B Series Family Specifications”,
? TLow =~65°C for C, D, F, H device.
= ~40°C for E device.
Trign = 4125°C for C, D, F, H device.
* + 85°C for E device.

DYNAMIC CHARACTERISTICS (C, = 50pF, Ta =-25°C)

ved | W | e [ e ]
PARAMETER vae) Min, Tvp. Max, Units
CLOCKED OPERATION
PROPAGATION DELAY TIME oL e
From Clock or Clock Enable 5 - 225 450 ns
10 - 100 200
15 - 80 160
OUTPUT TRANSITION TIME tyem. trp £
5 - 130 260 ns -
. 10 - 65 130 AL
15 - 50 100 : g
MINIMUM CLOCK PULSE WIDTH PWe, - Z;
5 - 120 240 ns ¥
10 - 50 100 K
15 - 40 80 -
o
MINIMUM CLOCK ENABLE PULSE WIDTH PWee o
5 - 200 400 n e
10 - 90 180 °
15 - 7% 150 .
MAXIMUM CLOCK FREOUENCY fer . v
5 1.0 2.0 -~ MH2 &5
10 25 (. 60 - - o
15 30 6.0 = : ;’)
MAXIMUM CLOCK OR CLOCK ENABLE RISE T
& FALL TIME' Leu e t’.,,
- 5 15 - - Hs
10 5 - -
15 3 - = ,‘-
RESET OPERATION 3
PROPAGATION DELAY TIME o N
5 - 22% 450 ns "
10 - “100 200
15 - 80 160 ‘e
MINIMUM RESET PULSE WIDTH PWp -
. 6 - 120 240 ns i
10 - 50 100 ~
15 - 40 80 at
RESET REMOVAL TIME % . o
. 5 - 100 200 ~ I3
10 - 60 100 v
15 - 40 80
! When units sre cascaded, the maximum vise and falt times of the clock input should be equal to or - “}4
less than the transition times of the data outputs driving data inputs, plus the propegation delay of £

the output driving stage for the output capacitive losa.

. L)

gT
%
Voo DRAN YOLTAGE (Vec) -
218 -6 -4 12 10 8 6 4 2 O _ Y
I e : T
Vou ™ =5 Vde 5 ‘- ; e
TR~ 7 S Y s s
o vee 8 )oY
Vou =10 20 E 2 Vou = 18 Vi i B ,(;,
pal 2 Pzl i 4 p2
Voa ==15 Véc g 15 Voo = 10 Vée u%
10 1' £ P ;_:
. E 2 Vo = 8 Vi "l.’l.‘- . z:;
1 1 A o
Ta=2'C = 0 2 « 6 8 10 1214 6w 20 |°Z%
11 Voe. DRAM VOLTAGE (Véc) 4
Typica! P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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08 SCL4518B, SCL45208 .
. LOGIC DIAGRAMS
L] or LE)
A A .
A ()
L] °
t .l -
oD 3
taoma
- Craee -
E.
3 y Coorn 4 - :
? tmer DUAL BINARY UP COUNTER
= . SCLAS208 — TWO IDENTICAL STAGES
g DUAL BCOD UP COUNTER
SCL43188 - TWO IDENTICAL STAGES

APPLICATIONS INFORMATION

%

g
i
% cLotx
i INPUT .
t AN
';': ™ —__“__'_——'—__'l [ = 1
t | oo I |
§ | ¢ 2 1T L 9 10 151 il ' 2 1]_; ) 10 '°,—1L-=
[
K I QLOCK ENABLE RESET| | [CLOCK ENABLE RESET OLOCK ENABLE RESET) | [CLOCK ENABLE RESET
I ]
. || 4 A A [ 8 [ | A A A [ B [ |
2 I
3 ‘ Qoa 014024 Q34 Qo Q45 Q2 O3p 1l | QoA 014 Q24 O34 Opg Q18 928 Q38| |
";' I s & & ul 2l nl e 1 | o oo ul 2l ol e |
¢ l Hl |
8 Lo seuswzos ) L scueswmaon |
py
d .
Ripple cascading of four counters with positive-sdge triggering.
B
'}.
;1 oK
& PUT
it —_— )
/N
[ )
R —_———— e e
r 7 ]
3 ll =+ 2 3 9 10 8] 2 T 9 10 o[
f CLOCK ENABLE RESET] |[CCOCK ENABLE RESET CLOCK ENABLE RESET I
3 | |7a A a 8 [ 8 s ] e
5 |
s | (Qos 918 Q28 O3 Ggg Q1p Q28 Q3p QoA 014 Qza 034 |
: l 4 "l nzl ual ur {
§ L —4Sctas208 @
. »*
<
= ®SCLA0I2B
%
. Synchronous cascading of four binary counters with negative-edge triggering.
"
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SCL4543B
Preliminary

FEATURES

¢ Phase Input Signal Reproduced on Outputs for
Liquid Crysta! Display

¢ Latched Storage of Input Code

¢ Blanking Input for Display  Intensity
Modulstion

¢ Readout Blanking for Megal Input
Combinations

¢ Pin -Compatible with CD4056A {(with Pin 7
Tied to Vgg)

¢ Balanced Output Drive Current Specifications

DESCRIPTION

The SCL4543B BCD-to-7 Segment Latch/
Decoder/Driver is designed for use with liquid
crystal readouts and is constructed with comple-
mentary MOS (CMOS) enhancement-mode devices.
The circuit provides the functions of a 4-bit storage
latch and a 8421 BCD-to-seven segment decoder
and driver, The device has the capability to invert
the -logic levels of the output combinations. The
Phase {Ph), Blanking (81), and Latch Disabie (LD)
inputs are used to reverse the truth-table phase,
blank the display, and store 8 BCD code, respec-
tively. For liquid crystal readouts, 8 square wave is
spplied to the Ph input of the circuit and the
electrically common backplane of the display. The
outputs of the circuit are connected directly to the
segments of the readout. For other types of
readouts, such as light-emitting diode (LED), in-
candescent, gas discharge, and fluorescent read-
outs, connection diagrams are given on this data
sheet,

Applications include instrument {e.g., counter,

TRUTH TABLE

INPUTS OuTrPuTS
win h«'DclAabe-'lwn
X 1 1] X X X %XI0 00000 0flsew
1 ° 0 00001 t vV vel O
)] o o 000 11c 1t 1r000OD| ¢
1 ° o OO0 1toly 01 to 2
1 0 o 001 [y v yv100 1] 3
1 [ [] 0T 806y T80T v e
1 [ o 0O+t 0 V(s 01102 1]
) o -] 1 1 0ft 0ty L]
L] (] (] 01 1 id1 110000} 7
) ol o Yoo Oofy vy ] e
L) o ] 100 1f1v 1 + 10 3] 9
Vol o fro10l000000 0fem !
1 o (] 1 01 1/06 00000 0feens
1 [ [] 17 00/0000 00 O] wawt
A -] o T Y0 1(000000 ¢ em
1 L] o T 110000000 Of e
1 0 o 31 11000000 0fnew
[] [] [] X XXX °* *
' * ' ' Inverse of Dumwut | Dviotey

Combenatigms -
Above
X * Dom't eae
t < Above Combunston
© = For laud cryatal reecouts, a0l 8 Mwere meve 10 Pa
For common camode LED resdouts, seiect P » O
For common enade LED rentouts, setert P = 1
7 Datands wpon the BCD cude proviowv'y appiers wien LD « 1
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CONNECTION DIAGRAM
(all packages)

Vop ¢ ] e d c b a
1 11t l

16 15 14 13 12 11 10 9
SCL45438

1 2 3 4 5 6 7 8

1T 1T T T T 1

Lb C/' B D A Ph Bl vVgg

Add suffix for package:

....‘
B2

e,

C  16-pin Cerdip o
D 16-pin Ceramic xz
E 16-pin Epoxy 3
F  16-pin Fiat ‘f:.fv
s
RECOMMENDED OPERATING CONDITIONS ‘ﬁf,:.;
For maximum reliability: o,
DC Supply Voltage Vpp-Vgs 3to16 Vde :a:!
Operating Temperature  Tp -
C, D, F, H Device 65 t0 +126 ©OC 5
E Device 40t +85 ©OC S
-
‘)c! -
DVM, etc.) display driver, computer/calculator E
display driver, cockpit display driver, and various W
cdock, watch, and timer uses. 5
».erl
i)
\ Ky
BLOCK DIAGRAM :;‘
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SCL45438 (Preliminary)
ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS!?

2 - o 2
PARAMETER Voo | conpiTions |__Tiow” - B5C THigH” | ynits
(Vde) Min. | Max. | Min. | Typ. | Max.| Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 |Vin=VesorVop | — 5| - [0oos| 5| - |150 {uAde
10 |Allvalid input - 10 - 0.1 10 - 300
15 {combinations - 15 - 0.2 15 - 600

NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”,
¥ ? T ow = -55°C for C, D, F, H device.
= —40°C for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.
3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

e

i
DYNAMIC CHARACTERISTICS {C_ = 5OpF, T, = 25°C)
PARAMETER xgg) Min. Typ. Max. Units
. PROPAGATION DELAY TIME trLm, traaL .
5 - §50 1100 ns
3. 10 - 210 420
15 - 160 320
OUTPUT TRANSITION TIME TrL . trHL
k: 6 - 100 200 ns,
10 - 50 100
16 - 40 80
MINIMUM DATA INPUT SETUP TIME tetup T
6§ - 40 0 ns
3 10 - 15 0
, 15 - -10 0
f MINIMUM DATA INPUT HOLD TIME thotd ~
4 5 - 40 80 ns
1 10 - 16 30
15 - 10 20
MINIMUM LD PULSE WIDTH PW, p
6 - 125 250 ns
10 - 50 100
1 15 - 40 80
4

%
E
| Vo DRAIM VOLTAGE (V) s —
1 20 18 18 54 12 -1,0 -g -«l! 4 2 0 -« Vo 15 Ve
r Voe ™= 5 Vi L] i- g 40

1+ 7 E
3 Vou =18 Véc // 5 gl o
% -20 2% Voo = 10 Vée
;% 2 .25 20

P

y. 30 . g 15 //
i .35 10
g T o * 3 s%/ vo.l-slnc Teme
3 i T ] Tom25C145 2 T 0 2 4 6 8 10 2 W 8 8w
: 1 50 Voo DRARN VOLTASE (Vi)
T
3 Typical P-Channel Typical N-Channel
§ Source Current Characteristics Sink Current Charscteristics
%
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LOGIC DIAGRAM

czo-_—D&

Vpp = Pin 18
Vgg = Pind
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APPLICATIONS INFORMATION
CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIQUID CRYSTAL (LC) READOUT

SCL4S543B One of Sevan Segments
Output LO—— /

INCANDESCENT 'nunou'r

-

Ph Common Appropriats
l.ciplohc‘ Voltage
—— S p
171/ A 4
Square Wave KD - — -~
tVss 0 Vpp)
= SCL4543B
LIGHT EMITTING DIODE (LED} READOUT Output
Common Common @ Voo L
Cethode LED Anode LED
SCL4543B T Vss N
Output y--- =
Ph
T GAS DISCHARGE READOUT
= vss
Appropriste
Voo Voltage
Note: Bipoler transhtors mey be sdded for gain (for Vpp QI0V or 1o, 2 10 mAl. 4
FLUORESCENT READOUY T T
SCL4543B
Output —Oo———
PN _J SCL45438
e - - Output
Vss n

Fitamant
Supply

Jd_ Vsg or sopropeiste
= voltage below Vgg.

rl-——-———- N v
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2| NN Voltage Comparators/Buffers
LM311 voltage comparator
general description
The LM311 is a voltage comparator that has input ® Maximum oftset current: 50 nA
currents more than a hundred times lower than de-
vices like the LM306 or LM710C. it is also de- & Differential input voltage range: =30V
signed to operate oOver a wider range of supgly & Power consumption: 135 mW.at 15V
voltages: from standard 215V op amp supplies
down to the singie 5V supply used tor IC logic. its Both the input and the output of the LM311 can
output is compatible with RTL, DTL and TTL as be isotated from system ground, and the output
well as MOS circuits. Further, it can drive lamps or can drive loads referred 1o ground, the positive
relays, switching voitages up to 40V at currents as supply or the negative supply. Offset balancing
high as 50 mA. and strobe capability are provided and outputs can
be wire OR’ed. Although slower than the LM306
features and LM710C {200 ns response ume vs 40 ns) the
= 0 i single 5V , device 15 also much less prone to spurious oscilta-
' perates lrom single subpty tions. The LM311 has the same pin conhiguration
& Maximum input current: 250 nA u$ the LM30G6 ana LM710C.
schematic diagram and auxiliary circuits
sALARCE SIRON dauasin
1 3\
“Pin connections shown on schematic diagram
and typical applications are for TO-5 packaga.
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. . w
absolute maximum ratings =
Total Supply Voltage {(Vy4) 36V B
Output to Negative Supply Voltage (Vq4) R 40V
Ground to Negative Supply Voltage (V) 30V
Differential Input Voitage 30V
Input Voitage (Note 1) 15V
Power Dissipation (Note 2) 500 mw
Output Short Circuit Duration 10 sec
Operating Temperature Range Q°C to 70°C
Storage Temperature Range -65°C 10 150°C
Lead Temperature (soidering, 10 sec) 300°C
electrical characteristics (Note 3)
PARAMETER CONDITIONS MIN TYP MAX UNITS
input Otfset Voltage (Note 4) Ta = 25°C, Rg < 50K 2.0 15 mv
Input Offset Current (Note 4) Ta=25°C 6.0 50 nA
.input Bias Current Ta=25°C 100 250 nA
Voltage Gain Ta=25°C 200 VimV
Response Time {Note 5) Ta = 25°C 200 as
Saturation Voltage Vin < ~10mV, lgyr = 50mA
Ta =25°C 0.75 15 v
Strobe On Current Ta =25°C 30 mA
Output Leakage Current Ve 2 10mV, Vour =35V
T =25°C . 0.2 50 nA
Input Offset Voltage (Note 4} Rg < 50K 10 mV
Input Offset Current {Note 4) 70 nA
Input Bias Current 300 nA
tnput Voltage Range 114 \%
Saturation Voltage Al >45V,VT =0
Vin < -10mV, lgnk <B8mA 0.23 04 A
Positive Supply Current Ta =25°C : 5.1 75 mA
Negative Supply Current Ta *25C 4.1 5.0 mA
Note 1: This rating apphies for £15V supphes. The positive input voltage hmut ss 30V acove the
negative supply. The negative input voltage limit s equal 10 the negative supply voitage or 30V below
the positive supply, whichever 15 lass,
Note 2: The maximum junction temperature of the LM311 1 85°C. For operating at vlevated
temperatures, devices in the TO-5 package must be derated based on @ thermal resistance of 150°C/W,
junction to ambient, or 45°C/W, junction to case. For the flat package, the dersting i3 based ON &
thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy gtass board witn ten,
0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-n-bine pachage s
100°C/W, junction to ambient,
Note 3: These specifications apply for Vg = ¥15V and 0°C < T A <70°C, uniess otherwise specitied
The offset vottage, otfset current and bias current specifications appty for any supply voltage from
a single 5V supply up 10 £15V supplies.
Note 4: The offset voltages and offset currents given are the maximum values required 10 drive tha
output within a voit ot either supply with 1 mA 10ad. Thus, these parameters define an error band and P
take 1Nto account the worst case etfects of voltage gain and input impedance. .
Note 5: The response time specified (see definttions} (s for a3 100 mV nput step vath § mV overdrive,
'
13
313 i



-

) NOIEVJISSIO WIMO4

3
'y -
: -
4, m
: g typical performance characteristics’
! input Bias Current input Oftsat Curreant Otfset Ecror
' 00 n 3 108
' T 1 LI € 3 o =
. ll Vg s 18V ™ vprvd = :1.-lut:F .
3 = < <
i 7 w — —t ] < - = T
: = — e . — z RAISE H
¢ = SHORT PINS = ISEO T > MAXIMUM
¥ % jpg b5 & AND 8 = || (SHORY PINS =
€ 3 5. 6 AND &) @ N
{ S 2w 5w
1 2 e =2 5 TYPICAL
H 2 N (- = S A T g BT
: 3 NORMAL - B - P
z 10 2 = T
. | H P —{Vas * You * Rslos
iy z
Ny . 1 . i, L
t o 10 20 30 4t s0 60 10 00 5 10 26 3 @ W 70 W= 108 1000 ] 1om
' TEMPERATURE { C} TEMPERATURE {7C) INPUT RESISTANCE (1
Input Characternistics Commoan Mode Limits Transter Function
v s v* (1)
. 1Tl r 1T 111 L.
£ | ] Vg = 1SV Tt 1 1 NORMAL OUTPUT
. T e28t . 0.5 }— REFERRED TO SUPPLY VOLTAGES £ A stk
t“' - 1% 1 e - . y
' < " E MEXT ]
1} = 1 Z a0 - 40 r
" = 2 p—t1""1 g
¢ 2 1 2 = 1
i = ==t g s 2 W= 1
N 2 100 E > LemiTTe
\ = | FoLLowER
.{I = S 4 2 W o ]
i} -} 2 S —— a [a, » 0002
i g S 02 ) 1 vy =38V 1
.3} , s i 1 T2 25°C 4
‘| ] v 4 0 e
3 612 -0 -4 8 4 8 2 9 10 10 38 4 58 6 70 W -4 -5 [] K 1
K4 OIFFERENTIAL INPUT VOLTAGE (V) TEMPERATURE (C} DIFFERENTIAL INPUT VOLTAGE (mV}
Y
‘.r ¢
‘; Rasponse Time for Various Response Tims for Various
" 5 tnput Ovardrives s input Overdrives Output Saturation Voitage
0. = -
4; - T T 71 1 (¥ —
1 g 1 | g w Tas25°C
fits M~ L - - o2
v 2 L veertsv 1 3 4 wn - 2
) N V.
‘ﬁ_ ; X ):l-: T.+8¢C 2 lomy 1 ~f vous | 5 o
t 3
" Y/ ¢ Ll 2 1 feavs \ o4 = o
j E =Y | ER b g
N ! r s I L 2 M
> d > =
i ¥ vu vt £ < 2. % 0 w
KL = e oo g 0 =
< < 1= 02
- W 4 5 Vg« 15V 1
3 [ 2 .10 | PREY L) o X
(] >
: : A o L1 )
. 2 5
.(‘ F (] az [X) 06 [ X3 ] [ 3] 04 (X} [ ¥] ] i 0 "] w %
‘, TIME L.s) TIME L) OUTPUT CURRENT {mA}
'
‘-i Response Time tor Various Responsa Time for Various
] s 1nput Overdrives - Input Overdriwves Output Limiting Characteristics
. z 2
) - T L L - LU 140 T [ M)
1 g 0N VAR g |r g ) - Taet .
S = ) - I 128 T L y 3
i o 18 fsmV v 1 o Von - g ot A
P ! g 2 O
1 % ’ - " { = wol] T 1% o M
i R B J - wol] 3 1 £ 4 AN "
oM 8 ( . w v = N
: - ’ s LT T 7T ] 5 % 3]
i — v i1 T & :
. 5 ¢ T T = veeewy T = L AcuiT cunRiar] 92
H S Wt +— < Teetst F e
", = T vy z ¢ g o
R 3 -1» Por 1 ".'“.c H T
i+ 5 = [ ] L)
9 s [ 1 H 3 « 3 [} 1 2 3 4 [ [ n 1)
,:;'. - TIME (s} TIME Ln QUTPUT VOLTAGE V)
11
<K
i
‘I 314

L Tt
i St




typical performance characteristics (con’t)

Supply Current Suppty Cucrent
] e 10 —
v,-zyc} I Vg * 118V
[ 1
'
POSITIVE SUPPLY - z
i, QUTPUT LOW_t™ | i
< /T = POSITIVE SUPPLY —
= [‘ | 2 ] oUTPUT LOW
& M ——>r<resmveane ™ £ v
H A i NEGATIVE SUPPLY - § B —
b OUTPUT HIGH
2 -+ = —
o L 1 t - 20SITIVE AND
3 @ 3 |- NEGATIVE SusPLY -
b ] QUTPUT HIGH
. N .-
0 5 10 s o 28 W 010020 30 @ % K 0w
SUPPLY VOLTAGE (V) TEMPERATURE (C)

typical applications

Leakays Curcants

T

LEAKAGE CURRENT (A)

L T
OUTPUT Vouy = 40V o
INPUT ¥y = 15V
[T TR T

TEMPERATURE ('C)
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Usning Clamp Diodes to improve Rasponse

TTL Interface with High Level Logic

Crystal Osciltator

Comparator and Solenaid Driver
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typical applications (con‘t)

Strobing off Both input®
and Cutput Stages

L G

Zero Croming Detector driving MOS logic
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TLO82CP

National
Semiconductor
Corporation

TL082CP Wide Bandwidth Dual

PRELIMINARY

BI-FET 11 ™ Tecnnology

JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, dual JFET input
operational amplitiers with an internally trimmed input offset
voitage (BI-FET li™ technology). They require low supply
curent yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
TLOB2 Is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance
of existing LM1558 and most LM358 designs.

These amplifiers may be used in applications such as high
spead integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.

Features
u Internally timmed offset voitage 15 =,
| Low input bias current 53 z4
® Low input noise voltage 16nV/y 2
| Low input noise current 0.01 pAsy r2
m Wide gain bandwidth 4 Mz
®= High slew rate : 13 Vi
a Low supply current 3.6 mA
. High input impedance 1014,
m Low total harmonic distortion Ay = 10, <0.02%
RL = 10k, Vo = 20 Vp — p,
BW = 20 Hz~-20 kHz
= Low 1/f noise corner 5 r2
m Fast settling time to 0.01% Z.t

Typical Connection

TL/H/BIS7-1

Simplified Schematic

Connection Diagram

Dual-in-Line Package (Top View)

ouTIUTA — () 2y
? 1
INVERTING INPUT A =l — 0uTPuT 2
— +i+ ind
ROM-INVERTING _J | L
INPUT A INVERTING inPgT §
v —_ S MOMANVERTIRG
xrut s
TUn B£" )

Order Number TL0§2CP

See NS Package Number NOSE
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s slute Maximum Ratings

sary/Asrospace specified devices are required, Difterential Input Voltage +30V
e xt the Natlonal Semiconductor Sales Office/ Input Voltage Range (Note 2) +15V
autors for avallabitity and specifications. Output Short Circuit Duration Continuous
- ".Jm?ge. 18V Storage Temperature Range —65*Cto +150°C
«-ssipation (Note 1) Lead Temp. (Soldering, 10 seconds) 260°C
«rq Temperature Range 0°Cto +70°C ESD rating to be determined.
. 150°C

. DECCElectrical Characteristics (Note 4)

= %l Parameter Conditions TLos2C Units
S Min Typ Max
3 e VG Input Oftset Voltage Rg = 10kQ, Ta = 25°C 5 15 mv
C 5 Over Temperature 20 mv
— Avwr Average TC of Input Offset Rg = 10kQ 10 av/ec
S Voitage
. I Input Oftset Current Tj = 25°C, (Notes 4, 5) 25 200 pA.
L .| ms70°C 4 nA
< Input Bias Current Tj = 25°C, (Notes 4, 5) 50 400 PA
Iﬁb T < 70°C 8 nA
—- R N Input Resistance Tj=25°C 1012 0
Large Signal Voitage Gain Vg = 15V, Tp = 25°C 25 100 VimVv
M Vo = £10V,R, = 2k
Over Temperature 15 vimv
Vb ' | Output Voltage Swing ’ Vs = $15V,R, = 10kQ $12 | £135 v
Input Common-Mode Voitage _ +15 v
Vem Range Vg = 15V 1 12 v
. CMRR| Common-Mode Rejection Ratio | Rs < 10k 70 100 a8
PERR! Supply voltage Rejection Ratio (Note 6) 70 100 a8
I% Supply Current 3.6 5.6 mA
" b
AP tiectrical Characteristics (Note 4)
sr.‘% l Parameter Conditions TL082C Units
Min Typ Max
Amplifier to Amplifier Coupling Ta = 25°C,{ = 1Hz- -~120 dB
20 kHz (Input Referred)
2R Siew Rate Vg = 15V, Ty = 25°C 8 13 V/us
OBW | Gain Bandwidth Product Vg = 15V, Tp = 25°C 4 MHz
Equivalent Input Noise Voltage Ta = 25°C,Rg = 100}, 25 nV/vHz
En f = 1000 Hz
i“ Equivalent input Noise Current Tj = 25°C,f = 1000 Hz 0.01 pA/V Hz
Nofc 1{&09«.&\9 at glovated lamperaiure, the dewice must be derated basad on & thermal resstance of 115°C/W juncuon to ambsent for the N package.
Nole ,_',U‘-\Lu olherwise specified the ab dmum negatrve input voliage i3 equal 1o the negative power supply vollage.
N;,c"._ F e sower Cissipation limit, h cannot be .
100" T specifications apply for Vs = 15V and 0°C <Tx € +70°C. Vos. Ip and los 870 measured at Vey = 0,
Uv'l "Tm}aabhsmonulumum' o which approxk y doubie tor every 10°C increase in the juncuon temperature, T). Oue to the limited
iXarkest e, the nput bias d are 0} p . In normal 0peraton the juNclion leMpPeraiule fises above the ambwent
e cal i 4 reautt of Internal power dissipaton, Pp. Tj = Ta + O1x Po where 9y is the thermal resistance from juncuon 10 amrent. Use of & heat sink 18
recom d;x:mifmpul blas current is 10 be kept to a minimum.
NA“ '_9 \Pﬁ"mﬁ' rejection ratio is measured for both supply mag: [ g or 9 ty 1n with common prachce.
\6= t 0 15V,
B A T2
2-585
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Typical Performance Characteristics
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SUPPLY CURRENT {mA)

Supply Current

—

.sical Performance Characteristics (continueq)

T r Distortion vs Frequency
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TLO82CP

r Typical Applications

Three-Band Active Tone Control

BOOST - CUT
0.08
BASS
1 uf
‘ H 1 1004 Y
A pa—— Y Y N
- \ A A e
0.005
1% MIO-RANGE
2.6% 100k 1 164 -
e 2 4 ey, J
* 8.022
l-—«.
16 500k 1.8%
A P\ f\ el
t l |°-°“ TREBLE
]
14 o
qu?
5

{HOTE 8)
NOTED | ||

-
~
'3

.
-

-
=3

<
>

¢ NOTE —T_\

-2 (NOTE sd’_'

10 100 1% 10k 100k

o
1
’

GAIN {dB}
A

FREQUENCY (H2)

Note 1: All controls flat.

Note Z Bass and rebie boost, mid flat.
Note 3: Bass and treble cut, mid flat.
Note 4: Mid boost, bass and treble flat.
Note 5: Mid cut, bass and treble flat.

« All potentiometers are linear aper
« Use the LF347 Quad for stereo applications

TL/H/8357-13
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{ Typical Applications (continueq)
Improved CMRR instrumentation Amplifier
¢
L4]
) S
' >
e n
P L] >
< i
——F
>
>
P >
s
77 =
vg vy
! h _E__L
S = —_
g -vg'
e SUPARATE
TL/H/8357-14
e (228
.o Ve \m R4
sy 8NG § a6 ssparats isolated grounds
Matching of A2's, R4's and AS’s controt CMAR
With Ayp = 1400, resistor matching = 0.01%: CMAR =136 0B ,
* Very high input impeaance
* Super high CMRR
Fourth Order Low Pass Butterworth Filter
ar
AN
TL/H/BI57-15
. 1 1 1 1
*+ Comer Irequency Uc) = \/ ETR2CCT 27 ~ VATRZGGT  2m
« Passbend gain (Ho) = (1 + R4/RJ) (1 + A4'/ARI)
s First stage Q = 1,31
+ Second stage Q =~ 0.541
* Cucuit shown uses noarest 5% tolerance resistor vajues for a filter with a corner frequency of 100 Hz and a passband gain ol 100
» Offsat nulling y for 0OC par
S,

2-601
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Typical Applications (continued) ;
i
Fourth Order High Pass Butterworth Fiiter |
|
{
A :
: € ‘V‘V‘f
(11}
TL/H/8357-18
Y P RN N A | 1
* Comes ¥l = Rt ' 2x ~ VA2 G 2w
o Passband gain (Ho) = (1 + R4/R3} (1 + R¢/R3} i
® First stage Q = 1.31 :
* Second stage Q = 0.541
« Circult shown Usas closest 5% L0lerance resistor values for a fiter with a comer frequency of 1 kiHz and & passband gain of 10
Ohms to Voits Converter
1
'
Oy e
i
!
.
t
p f
4 4
g 1w !
L—-O- 1w ;
TL/H/8357~17 )
W
Vo= A ocen X Ry '
Wwhere RiapoeR I8 the resistance rom switch S1 pole 10 pin 7 of the TLOS2CP.
2-602
4y f -
. PR o .
i s Ty




ICL7106/ICL7107
3,-Digit LCD/LED
Single-Chip A/D Converter

GINTERSIL

GENERAL DESCRIPTION

The Intersil ICL7106 and 7107 are high performancs, low
xower 3Va-digit A/D converters containing all the necessary
active devices on a single CMOS I.C. Included are seven-
sagment decoders, display drivers, a reference, and a
i »ock. The 7108 is designed to interface with a liquid crystal
| =spliay (LCD) and includes a backplane drive; the 7107 will
i Mectly drive an instrument-size fight emitting diods (LED)
1 asplay.

. The 7106 and 7107 bring together an unprecedented
| mbination of high accuracy, versatllity, and true economy.
¢ leatures auto-zero to less than 10uV, zero drift of less
, fan 1uV/°C, input bias current of 10 pA max., and rollover
! wior of less than one count. True ditferential inputs and
wlerence are useful in all systems, but give the designer an
reommon advantage when measuring load cells, straln

Asges and other bridge-type transducers. Finally, the true

wonomy of single power supply operation (7106), enables

t7gh performance panel meter to be built with the addition
{sonly 10 passive components and a display.

FEATURES

® Guaranteed Zero Reading for 0 Voits Input on Al
Scales

* True Polarity at Zero for Precise Null Detection
® 1pA Typical Input Current
® True Ditferential Input and Reference

® Direct Display Drive — No External Components
Required — LCD ICL7106
— LED ICL7107

® Low Nolse - Less Than 15uV p-p

® On-Chip Clock and Reference

® Low Power Dissipation - Typicailly Less Than 10mw
* No Additlonal Active Circuits Required

* New Small Outline Surtace Mount Package Avallable
® Evaluation Kit Available

ORDERING INFORMATION

{ Part Number Temperature Package
i Range
ICL7106CPL 0'Cto +70°C | 40 pin plastic DIP
) ICL7106CJL 0*Cto +70°C | 40 pin CERDIP
ICL7106CM44 | 0°Cto +70°C | 44 pin Surface Mount
ICL7107CJL 0°Cto +70°C | 40 pin CERDIP
ICL7107CPL 0°Cto +70°C | 40 pin plastic DIP
ICL7106EV/Kit | Evaluation kits contain IC, dispiay,
| ICL7107EV/Kit | circuit board, passive components and
hardware.
v 1) osc 1
012 wHosca
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2014 2753 iNT
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Figure 1: Pin Configurationa

i
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5 ICL7106/ICL7107 BINTERSIL
~
O ABSOLUTE MAXIMUM RATINGS Power Dissipation (Note 2)
= Supply Voltage g;r:lzzng ::::a;;e .......................... 13882&
©  ICL7I08, V™10V ™ttt 15v ; 99 +he e \
=) ICL7107. V™ 10 GND Py .Operating Temperature ..................n 0°Cto +70°C
; ICL7107' V0 GND e —gv Storage Temperature ... ceeeeieieiin —65°Cto +150°C
g Analog Input Voltage (sither input)(Note 1) ... v+ 1oV~ Lead Temperature (Soldering, 10s€¢) ............. 300°C
= Reference Input Voltage (eitherinput) ......... VTiov-
Clock Input
ICL7106 ..oiiiiiiiiiiieneiiinenneens TESTtoVT
ICL7107 o e e GNDtoV+
NOTE: Stresses above (nose istad uncer “Absolute Maxumum Raungs™ may cause permanent damage (o the device. These are siress ratings only and funcoonal
operation of tne device al thesd or any otner conaitions above those indk m the op X of the sp 8 not umpred. Exposure 1o 80s0lute

maxsmum r8Lng CoNaons for extended pencds May alfect device relisDiy.
Note 1: Ingut voltages may exceed the supply voltages provided the ingut current 18 limuted 10 = 100pA,
Note 2: Dissipauon raung assumes device is mounted with all Isads soldered to printed circut board.

ELECTRICAL CHARACTERISTICS (Note3)

Characteristics Test Conditions Min Typ Max Unit
. Vin=0.0V _ . - .
Zoro input Reading Full Scale = 200.0mV 000.0 =000.0 +000.0 | Digital Reading
, , Vin= VReF "
Ratiometric Reading VRgs = 100mV 999 99971000 1000 Digital Reading
F!ollc?ver Error {Ditterence in —Vin = + Vi = 200.0mV -1 12 1 Counts
reading for equal positive and
negative inputs near Full Scale)
Linearity {(Max. deviation from Full scale=200.0mV 1 .2 1 Counts
best straight line fit) or full scale =2.000V (Note 6) ’
" Comman Made Rejection Ratio | Vom= T 1V, Viy=0V s VIV :
{Note 4) Full Scale = 200.0mV B
Noise (Pk-Pk value not exceeded | V=0V 15 v :
95% of time) Full Scale = 200.0mV i B
Leakage Current Input Vin= 0 (Note 6) 1 10 pA
; . Vin=0 .
Zero Reading Crift 0° <TA<70°C (Note 6) 0.2 1 pVv/°C
Scale Factor Temperature Vin=199.0mV .
Coaetficient 0°<Ta<70°C ! 5 . ppm/ c
(Ext. Ret. Oppm/*C) {Note 6)
V+ Supply Current (Does not -
include LED current for 7107) ViN=0 0.8 18 mA H
V= Supply Current (7107 only) 0.6 1.8 mA f
Analog Common Voltage (With 25k between Common &
2.4 2.8 3.2 v ,
respect to Pos. Supply) Pos. Supply
Temp. Coeff. of Analog Common 25k betwaen Common & 80 mrC
(With respect to Pos. Supply) Pos. Supply Pp

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OLIGATION WITH RESPECT TO TriS PROOUCT SHALL BE THAT STATED iN THE WARRANTY ARTICLE OF THE CONDITION GOF SALE.
THE WARRANTY SMALL BE EXCLUSIVE AND SnALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPUED OA STATUTORY, INCLUOWNG THE (MPUED WARRANTIES OF
MERCHANTABILITY AND FITRESS FOR A PARTICULAA USE. )
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ICL7106/ICL7107 EINTERSIL ]
3
ELECTRICAL CHARACTERISTICS (Note 3) (Continued) g
P
Characteristics Test Conditions Min Typ Max Unit o .
F
7106 ONLY 3
+ - o
Pk-Pk Segment Drive Voltage VitovT=gv 4. 5 6 v 3
Pk-Pk Backplane Drive Voltage ~
(Note 5)
7107 ONLY vVt =50v
Segment Sinking Current Segment voitage = 3V 5 8.0 mA
(Except Pin 19 & 20)
(Pin 19 only) 10 16 mA
(Pin 20 only) 4 7
NOTES: 3. Uniess 38 noted, @pply to both the 7108 and 7107 at Ta = 25°C, Icigcn ™ 48KHZ. 7106 is tested in the cucwit of Figure 2. 7107 ls

teated in the circut of Figure 3,
4. Reter 10 “Differental Input” discussion.

5. Back plane dnve is in phase with segmant dnve for ‘off" sagment, 180" out of phasa for ‘on’

OC component s less than 50mvV.
6. Not tested, guaranteed by dasign.

TEST CIRCUITS

P

Y is 20 imes. rate. Average

Figure 2: 1CL7106 Test Clrcuit and
Application With Liquid Crystal Display

Typlcal

ATEABIL'S SOLE AND EXCLUSIVE WARRANTY OBUGATION WITH R
T~E WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LEU

MEACHANTABILITY AND FITNESS FOR A PAATICULAA USE,
NOTE: AR typacal vahsos Azve Dean charscierzed D are rol 1ested
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Flgur"e 3: ICL7107 Test Circuit and Typical
Application With LED Display
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TO OKITAL SACTION

Figure 4: Analog Section of 7106/7107

0335-5

DETAILED DESCRIPTION

Analog Section

Figure 4 shows the Analog Section for the ICL7106 and
7107. Each measurement cycle Is divided into three phas-

* @s. They are (1) auto-zero (A/2), (2) signal integrate (INT)

and (3) de-integrate (DE).
Auto-zero phase

During auto-zero three things happen. First, input high
and low are disconnected from the pins and internally shont-
ad to analog COMMON. Second, the reference capacitor is
charged to the reference voltage. Third, a feadback loop is
closed around the system 1o charge the-auto-zero capacitor
Caz to compensate for offset voltages in the buffer ampiifi~
or, integrator, and comparator. Since the comparator is in-
cluded in the loop, the A/Z accuracy is limited only by the
noise of the system. In any case, the offset referred to the
input is less than 10uV.

Signal Integrate phase

During signal integrate, the auto-zero loop is opened, the
internal short is removed, and the internal input high and
tow are connacted to the external pins. The converter then
integrates the differential voltage between IN HI and IN LO
for a fixed time. This ditferential voitage can be within a
wide common mode range: up to one volt from either sup-
ply. If, on the other hand, the input signal has no return with
respect to the converter power supply, IN LO can be tied to
analog COMMON to establish the correct common-mode
voltage. At the end of this phase, the polarity of the integrat-
ed signal is determined.

De-integrate phase

The final phase is de-integrate, or reference integrate. In-
put low is internally connected to analog COMMON and in-
put high is connected across the previously charged refer-
ence capacitor. Circuitry within the chip ensures that the

capacitor will be connected with the correct polarity to

cause the integrator output to return to zero. The time re-

quired for the output to return to zero is proportional to the

input signal. Specifically the digital reading displayed is
Vin

1000 (-—— .
VREF

Differential input

The input can accept differential voltages anywhere with-
in the common mode range of the input amptifier, or spacifi-’
cally from 0.5 voits below the positive supply to 1.0 volt
above the negative supply. In this range, the system has a
CMRR of 86 dB typical. However, care must be exercised to
assure the integrator output does not saturate. A worst case
condition would be a large positive common-mode voltage
with a near full-scale negative differential input voltage. The
negative input signal drives the integrator positive when
most of its swing has been used up by the positive common
mode voltage. For these critical applications the integrator
output swing can be reduced to less than the recommended
2V {ull scale swing with litle loss of accuracy. The integrator
output can swing to within 0.3 volts of either supply without
loss of linearity. See Application Note A032 for a discussion
of the effacts of stray capacitance..

Differential Reference

The reference voltage can be generated anywhere within
the powaer supply voltage of the converter. The main source
of common mode error is & roll-over voitage caused by the
reference capacitor losing or gaining charge to stray capaci-
ty on its nodes. If there is a large common mode voltage,
the reference capacitor can gain charge (increase voitage)
when called up to de-integrate a positive signal but lose
charge (decrease voltage) when called up to deintegrate a
negative Input signal. This difference in reference for posi-
tive or negative input voltage will give a roli-over error. How-
ever, by selecting the reference capacitor such that it is

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WiTH RESPECT YO TMIS PAODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE.
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEV OF ALL OTHER WARRANTIES, EXPRESS, IMPLUED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES OF

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
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ICL7106/ICL7107

.&7ge enough in comparison to the stray capacitance, this
érror can be held to less than 0.5 count worst case. (See
Component Value Selection.)

Analog COMMON

Tris pin is included primarily to set the common mode
+2.taga for battery operation (7106) or for any system where
.6 input signals are floating with respect to the power sup-
+- The COMMON pin sets a voltage that is approximatety
2.8 voits more negative than the positive supply. This is
se&acied 1o give a minimum end-of-life battery voltage of
&5dut Y. Howaver, analog COMMON has some of the attsi-
c.1es of a reference voltage. When the total supply voltage
15 iarge enough to cause the zener to regulate (> 7V), the
CCMMON voltage will have a low voltage coetficient
{9.001%/V), low output impedance (= 15Q1), and a temper-
atura coaftficient typically less than 80ppm/*C.

The limitations of the on-chip reference should also be
recognized, however. With the 7107, the Interna! heating
which rasults from the LED drivers can cause some degra-
caunon in performance. Due to their higher thermal resist-
ance, plastic parts are poorer in this respect than ceramic.
Tne combination of referenca Temperature Coetficient
(TC), internai chip dissipation, and package thermal resist-
asce can increase noise near full scale from 25 uV to
8, Vp-p. Also the linearity in going from a high dissipation
caunt such as 1000 (20 segmants on) to a low dissipation
count such as 1111(8 segments on) can suffer by a count or
more. Devices with a positive TC reference may require
savaral counts to pull out of an overrange condition. This is
Dacause overrange is a low dissipation moda, with the three
10ast significant digits blanked. Similarly, units with a nega-
wve TC may cycle between overrange and a nonoverrange
count as the die alternately heats and cools. All these prob-
isms are of course eliminated if an external reference is
wsed.

The 7106, with its negligible dissipation, sutfers from
nane of these problems. In either case, an external refer-
ence can easily be added, as shown in Figure 5.

v v
v n
aes v Y
savoLr o
2enan
AL LOf— TossT10r
1106, 7107 [
nes vl ICL sase
v
Res L AtreaEnce
-
ta) (]

0335-6
Figure §: Using an External Reference

BINTERSIL

Analog COMMON is also used as the input low return
during auto-zero and de-integrate. !f IN LO Is ditferent from
analog COMMON, a common mode voltage exists in the
system and is taken care of by the excellent CMRR of the
converter. However, in some applications IN LO will be sat
at a fixed known voltage (power supply common for in-
stance). In this application, analog COMMON should be tied
to the same point, thus removing the common mode volit-
age from the converter. The same holds true for the refer-

“ence voltage. If reference can be conveniently tied to ana-

log COMMON, it should be since this removes the common
mode voltage from the reference system.

Within the IC, analog COMMON is tied to an N channel
FET that can sink approximately 30mA of current to hotd
the voitage 2.8 voits below the positive supply (when a load
is trying to pull the common line positive). However, there is
only 10uA of source current, so COMMON may easily be
tied to a more negative voltage thus over-riding the internal
reference,

TEST

The TEST pin serves two functions. On the 7106 it is
coupled 10 the internally generated digital supply through a
5001 resistor. Thus it can be used as the negative supply
for externally generated segment drivers such as decimal
points or any other presentation the user may want to in-
cluds on the LCD display. Figures 6 and 7 show such an
application. No more than a tmA load should be applied.

TN

i

T108 TO LCO
INTERSIL DECIMAL POINT
[akir]
Py ]
bl 1
TEST
n” TO LCO

BACK PLANE

0335-7
Figure 6: Simpie Inverter for Fixed Decimal Polnt
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suecr : )D—'— PoiNTS
) :
:
=D+
! cown |
.
JesT - T -——
- \ ano

0335-8
Figure 7: Exclusive 'OR’ Gate for
Decimal Point Drive
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ICL7106/ICL7107

The second function is a “lamp test”, When TEST is
pulled high (to V+) ali segments will be turned on and the
aisplay should read — 1888. The TEST pin will sink about
10mA under these conditions.

Cautlon: on the 7106, in the lamp test mode, the seg-
ments have a constant DC voltage (no square-wave) and
may burn the LCD display if left in this mode for several
minutes.

DIGITAL SECTION

Figures 8 and 8 show the digital section for the 7106 and
7107, respectively. In the 7106, an internal digital ground is
generated from a 6 volt Zener diode and a large P channel
source lollower. This supply is made stiff to absorb the rela-
tve large capacitive currents whan the back plane (BP) voit-
age is switchaed, The BP frequency is the clock frequency
amded by BOO. For three readings/second this is a 60Hz
square wave with a nominal ampiitude of 5 volts. The seg-
ments are driven at the same frequency and amplitude and
are in phase with BP when OFF, but out of phase when ON.
In all cases negligible DC voltage exists across the seg-
ments.

Figure & is the Digital Section of the 7107, It is identical to
the 7106 except that the regulated supply and back plane
anve have been eliminated and the segment drive has been
ncreased from.2 to 8 mA, typical for instrument size com-
mon anode LED displays. Since the 1000 output (pin 19)
must sink current from two LED segments, it has twice the
dnve capability or 16maA.

In both devices, the polarity indication is “on" for nega-
uve analog inputs. If IN LO and IN HI are reversed, this
ngication can be reversed also, if desired.

System Timing
Figure 10 shows the clocking arrangement used in the

7106 and 7107. Three basic clocking arrangements can be
usad:

1. An external oscillator connected to pin 40.
2. A crystal between pins 39 and 40,
3. An R-C oscillator using all three pins.

e

TEST (Tr04)
o QND (1o}

0335-11

Figure 10: Clock Clrcuits

NTEASIL'S SOLE AND EXCLUSIVE WARRANTY OBUGATION WITH RESPECT TO THIS PR

BINTERSIL

The oscillator frequency is divided by four before it clocks
the decade counters. it is then turther divided to form the
three convert-cycle phases. These are signal Integrate
(1000 counts), reference de-integrate (0 to 2000 counts)
and auto-zero (1000 to 3000 counts). For signais less than
full scale, auto-zero gets the unused portion of reference
deintegrate. This makes a complete measure cycle of 4,000
counts (16,000 clock pulses) independent of input voltage.
For three readings/second, an oscillator frequency of
48kHz would be used.

To achieve maximum rejection of 60Hz pickup, the signal
integrate cycle should be a multiple of 60Hz. Oscillator fre-
quencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 40kHz,
33V4kHz, etc. should be selected. For S0HZ rajection, Oscil
lator frequencies of 200kHz, 100kHz, 66% kHz, 50kHz,
40kHz, etc. would be suitable. Note that 40kHz (2.5 read-
ings/second) will reject both 50 and 60Hz (also 400 and
440Hz).

COMPONENT VALUE SELECTION

Integrating Resistor

Both the buffer amplitier and the integrator have a class A
output stage with 100pA of quiescent current. They can
supply 20uA of drive current with negligible non-finearity.
The integrating resistor should be large enough to remain in
this very linear reglon over the input voitage range, but
small enough that undue leakage requirements are not
placed on the PC board. For 2 volt full scale, 470k is near
optimum and similarly a 47k for a 200.0 mV scale.

Integrating Capacitor

The integrating' capacitor should be selected to give the
maximum voltage swing that ensures tolerance build-up will
not saturate the integrator swing (approx. 0.3 volt from ei-
ther supply). In the 7106 or the 7107, when the analog
COMMON is used as a reference, a nominal +2 volt full
scale integrator swing is fine. For the 7107 with £5 volt
supplies and analog COMMON tied to supply ground, a
£3.5 to 4 volt swing is nominal. For three readings/sec-
ond (48kHz clock) nominal values for CinT are 0.22uF and
0.10uF, respectively. Of course, it different oscillator fre-
quencies are used, these values should be changed in in-
verse proportion to maintain the same output swing.

An additional requirement of the integrating capacitor is
that it must have a low dielectric absorption to prevent roll-
over errors. While other types of capacitors are adequate
for this apptlication, polypropylene capacitors give undetect-
able errors at reasonable cost.

Auto-Zero Capacitor

The size of the auto-zero capacitor has some influence
on the noise of the system. For 200mV full scaie where
noise is very important, a 0.47uF capacitor is recommend-
ed. On the 2 volt scale, a 0.047uF capacitor increases the
speed of recovery from overload and is adequate for noise
on this scale.

IOOUCT SHALL BE THAT STATED (N THE WARRANTY AATICLE OF THE CONDITION OF SALE.
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ICL7106/ICL7107

Reference Capacitor

A 0.1uF capacitor gives good results in most applica-
tions. However, where a large common mode voitage exists
(i.e. the REF LO pin is not at analog COMMON) and a
200mV scale is used, a larger value is required to prevent
roll-over error. Generally 1.0pF will hold the roll-over error
to 0.5 count in this instance.

Oscillator Components

For alt ranges of frequency a 100k} resistor is recom-
moended and the capacitor is selected from the equation

0.4
f= R—C? For 48kHz clock (3 readings/second), C= 100pF.

Reference Voltage

The analog inpul rEqured WO generats full-scale output
(2000 COuMs) i5: ¥ = EYREF. Thus, tor e 200.0mv ana
2.000 volt scate, Vref should equal 100.0 mV ang 1.000 volt,
respectively. However, in many applications where the A/D
is connected to a transducer, there will oxist a scale faclor
other than unity between the input voltage and the digital
reading. For instance, in a weighing system, the designer

“might like to have a full scale reading when the voltage from

the ransducer is 0.682V. Instead of dividing the input down
to 200.0mV, the designer should use the input voltage di-
rectly and select VRer = 0.341V. Suitable values for inte-
grating resistor and capacitor would be 120k} and 0.22uF.
This makes the system sfightly quieter and also avoids a
divider network on-the input. The 7107 with £ 5V supplies
can accept input signals up to £4V. Another advantage of
this system occurs when a digital reading of zero is desired

.. fgr Vin=0. Temperature and weighing systems with a vari-

able tare are examples. This oftset reading can be conve-
niently generated by connecting the voltage transducer be-
ween IN Hi and COMMON and the variable (or fixed) ottset
voltage between COMMON and IN LO.

7107 Power Supplies

The 7107 is designed to work from %5V supplies. How-
evar, if a negative supply is not available, it can be generat-
od from the clock output with 2 diodes, 2 capacitors, and an
inexpensive 1.C. Figure 11 shows this application. See
ICL7660 data sheet for an alternative.

T J3 SUTE
¥ osch '
ose st |
[ - :
1107 !
:
:
,- o%e i
: cemaead
I k=3
Vs o3Iy
033512
Figure 11: Generating Negative Supply
trom + 5V

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO Trits PROOUCT

EINTERSIL

In tact, in selected applications no negative supply is re-
quired. The congitions to use a single + 5V supply are:

1. The input signal can be referenced to the center of
the common mode range of the converter.

2. The signal is less than £ 1.5 volts.
3 An external reference is used.

TYPICAL APPLICATIONS

The 7106 and 7107 may be used in a wide variety of
configurations. The circuits which foliow show soms of the
possibilities, and serve 10 lllustrate the exceptional versatili-
ty of these A/D converters.
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0335-13
Figure 12: 7106 using the Internal reference.
Values shown are for 200.0 mV full scale,
3 readings per second, floating supply
voitage (9V battery).
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0335-14
Figure 13: 7107 using the Interna! reference.
Values shown are for 200.0mV full scale, 3
readings per second. IN LO may be tied to either
COMMON for inputs floating with respect to
supplies, or GND for singie ended Inputs. (See
discussion under Analog COMMON.)
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Figure 14: 7107 with an external band-gap
reference (1.2V type). IN LO is tied to COMMON,
thus establishing the correct common mode
voitags. If COMMON Is not shorted to GND, the
Input voltage may fioat with respect to the
power supply and COMMON acts as a pre-
regulator for the reference. If COMMON Is
shorted to GND, the Input is single ended
(reterred to supply ground) and the pre-
regulator Is over-ridden.
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Flgure 15: 7107 with Zener diode reference.
Since low T.C. zeners have breakdown voltages
~ 6.8V, dlode must be placed across the total
supply (10V). As in the case of Figure 15, IN LO
may be tled to either COMMON or GND.
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Figure 16: 7106/7107: Recommended
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component vaiues for 2,000V full scale.

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBUGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF SALE
THE WARRANTY SHALL BE EXCLUSIVE AND SMALL BE IN UEU OF ALL OTHER WARRANTIES, EXPRESS, IMPUED OR STATUTOAY, INCLUDING THE IMPUED WARRANTIES OF

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.
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0335-18 thermometer. A silicon diode-connected
Figure 17: 7107 operated from single + SV transistor has a temperature coetticlent of
8upply. An external reference must be used in about ~-2mV/*C. Callbratlon is achieved by
this application, since the voltage between V+ placing the sensing transistor In ice water and
and V- Is insutficient for correct operation of adjusting the zeroing potentiometer for a 000.0
the internal reference. reading. The ssnsor should then be placed In
bolling water and the scale-factor potentiometer
adjusted for 100.0 reading.
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Figure 18: 7107 measuring ratiometric values of | - S Powwis
Quad Load Cell. The resistor values within the o338-21

bridge are determined by the desired sensltivity.

Figure 20: Circult for developing Underrange
and Overrange signals from 7106 outputs,
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THE WARRANTY SHALL 8E EXCLUSIVE AND SRALL BE IN UEU OF ALL OTHER WARRANTIES, EXPAESS, IMPLUED OR STATUTORY, INCLUDING THE IMPUED WARRANTIES OF
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Figure 21: Clrcuit for developing Underrange
and Overrange signals from 7107 outputs. The
LM333 ia required to ensure logic compatibliity
. with heavy display loading.

7106/7107 EVALUATION KITS

After purchasing a sample of the 7106 or the 7107, the
majority of users will want to build a simple voltmeter. The
parts can then be evaluated against the data sheet specifi-
cations, and tried out in the intended application. However,
locating and purchasing even the small number of addition-

RINNERSIL

al components required, then wiring a breadboard, can of-
ten cause delays of days or sometimes weeks. To avoid this
problem and facilitate evaluation of these unique circuits,
Intersil is offering a kit which contains all the necessary
components to build a 3'/4;-digit panel meter. With the help
of this kit, an engineer or technician can have the system
*“up and running” in about half an hour.

Two kits are offered, the ICL7106EV/KIT and the
ICL7107EV/KIT. Both contain the appropriate IC, a circuit
board, a display (LCD for 7106EV/KIT, LEDs for 7107EV/
KIT), passive components, and miscellaneous hardware.

APPLICATION NOTES

A016 “Selecting A/D Converters”, by David Fullagar.

A017 “The Integrating A/D Converter”, By Lee Evans.

A018 "Do's and Don'ts of Applying A/D Converters”, by
Peter Bradshaw and Skip Osgood.

A023 ‘“Low Cost Digital Panel Meter Designs”, by David
Fullagar and Michae! Dufort.

A032 *“Understanding the Auto-Zero and Common Mode
Performance of the ICL7106/7/9 Family”, by Peter
Bradshaw.

A048 "Building a Battery-Operated Auto Ranging DVM
with the ICL7106", by Larry Goff.

A052 “Tips for Using Single-Chip 314-Digit A/D Convent-

ers”, by Dan Watson.

]

7108
= o8
osc 2
osc3

TERY

AP M

AP LO

(-4 11

C agr

]

L.

AL} 22613

{ R

L0

Sasie lactor sdjust
| (¥agr = 100mV ter AC 16 AMS)

i

AA El'!ﬂ I
0.22,.F

——t

- 10.F

Ml

100p7 (187 oplimum Band wigtn)

}TO CismAY

5
T
< IUUUUUDUUUUUUULUUUE T

e TO BACK PLang

Figure 22: AC to DC Converter with 7106. TEST is used as a common mode reference level to ensure
compatibility with most op-amps.
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Figure 23: Display Butfering for Increased drive current. Requires four DM7407 Hex Buffers. Each buffer |s
capable of sinking 40 mA.
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General Description

The LM131/LM231/LM331 tamily of voltage-to-frequency
converters are ideally suited for use in simple low-cost cir-
cuits for analog-to-digital conversion, precision frequency-
to-voltage conversion, long-term integration, linear frequen-
¢y modulation or demodulation, and many other functions.
The output when used as a voltage-to-frequency converter
is a pulse train at a frequency precisely proportional 1o the
applied input voltage. Thus, it provides all the inherent ad-
vantages of the voltage-to-frequency conversion tech-
niques, and is easy to apply in all standard voltage-to-fre-
quency converter applications. Further, the LM131A/
LM231A/LM331A attains a new high lavel of accuracy ver-
sus temperature which could only be attained with expen-
sive voitage-to-frequency modules. Additionatly the LM131
is ideally suited for use in digital systems at fow power sup-
ply voltages and can provide low-cost analog-to-digital con-
version in microprocessor-controlled systems. And, the fre-
quency from a battery powered voltags-to-frequency con-
verter can be easily channeled through a simple photoisola-
tor to provide igolation against high common mode levels.
The LM131/LM231/LM331 utilizes a new temperature-
compensated band-gap reference circuit, to provide excel-
lent accuracy over the full operating temperature range, at
power supplies as low as 4.0V. The precision timer circuit

LM131A/LM131, LM231A/LM231, LM331A/LM331
Precision Voltage-to-Frequency Converters

has low bias currents without degrading the quick response
necessary for 100 kHz voltage-to-frequency conversion.
And the output Is capable of driving 3 TTL loads, or a high
voltage output up 1o 40V, yet is short-circuit-proof against

Vee

Features

8 Guaranteed linearity 0.01% mex

= Improved performance in existing voitage-to-frequency
conversion applications

# Split or single supply operation

B Operates on single 5V supply

® Pulse output compatible with alf logic forms

B Excellent temperature stability, 50 ppm/*C max

W Low power dissipation, 15 mW typical at 5V

8 Wide dynamic range, 100 dB min at 10 kHz full scale
frequency

® Wide range of full scale frequency, 1 Hz to 100 kHz

B Low cost

Typical Applications

°*0.1uF ot 1uF, See “Principies of Operation.”
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*Use stable components with iow temperature cosfficients. See Typical Applications section,

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter
with £0.03% Typical Linearity (f = 10 Hz to 11 kHz)
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Absolute Maximum Rat

Ings (oto 1)

Ospace specified devices are required, contact the Nationay Semiconductor Sales Office/Distributors

LM131A/LM131/LM23 1A/LM231/LM331A/LM331

It Milltary/Aer

avaliabliity and specifications.

LM131A/LM131 LM231A/LM231

Supply Voltage 40v 40V

Output Short Circuit to Ground Continuous Continuous

Output Short Circuit to Vee Continuous Continuous

Input Voitage —0.2Vto +vg —0.2V1io +vg

TN Tuax T Tyax

Operating Ambient Temperature Range =55°Cto +125'C =25'Cto +85'C

Power Dissipation (Pp at 25°C) .

and Thermal Resistance (CTY) &

(H Package) Pp 670 mw 570 mw 570 mw
O 150°C/w 150°C/w -

(N Package) Pp, 500 mw 500 mw 5
O 155°C/w 155°C/w &

Lead Temperature (Soldering, 10 sec.) % 1 _
Dual-In-Line Package (Plastic) 260°C 260°C 260°C ¥
Meta! Can Package (T0-5) 260°C 260°C 260°C R b

ESD Susceptibility (Note 4) 8DV 8DV T8DV :m -—I

Electrical Characteristics Ta=25°C unless otherwise speciied (Note 2) -

Parameter ’ Conditions Min Typ Max UHT
VFC Non-Unearil’y (Note 3) 4.5V < vg < 20v +0.003 +0.01 % Fulk. ;
Scals f—
TN € Ta < Trmax +0.006 $0.02 % Fulk
VFC Non-Linean‘fy Vs = 15V,1 = 10 Hz 10 11 kHz . $0.024 -+0.14 %Rl
In Circuit of Figure 1 * Scals’ 17,
Conversion Accuracy Scale Factor ViN = -10V,Rg = 14 k0 - :‘
(Gain) . N o
LM131, LM131A, LM231, LM231A 0.85 1.00 1.05 m No
LM331, (M331A 0.80 1.00 1.10 ::
Temperature Stabllity of Gain TMIN S Ta S Tpgax, 4.5V < Vs < 20v ¥
LM131/LM231/LM331 +30 +150 ppm/*C L F‘
LM131A/LM231A/LM331A +20 150 ppm/°C
Change of Gein with Vg 45V Vg < 1oV 0.01 0.1 *N H
10V < Vg < 40v 0.008 0.08 LA
Rated Full-Scale Frequency ViN = —10V 10.0 kHz
Gain Stability vs Time TMINS Tp < Tmax +0.02 % Fub
(1000 Hrs) Scele
Overrange (Beyond Full-Scale) ViN= —-11v 10 %
Frequency
INPUT COMPARATOR
Offset Voltage +3 10 mv,
LM131/LM231/(M331 TMIN S Ta S Tyax 14 114 mv,
LM131A/LM231A/LM331A TMIN < Ta < Tyax 13 £10 av
Bias Current —80 -300 M
Offset Current +8 +100
Common-Mode Range TMINS Tp < TMAX ~0.2 Vee—2.0
TIMER
Timer Threshold Voltage, Pin 5 | 063 | 0.667 0.70
input Bias Current, Pin 5 Vs = 15v
All Devices OV<Vpn s < 9.0V +£10 +100
LM131/LM231/(M331 VeiNg = 10V 200 1000
LM131A/LM231A/LM331A VpiNs = 10V 200 500
VSaT pin 5 (Reset) | 1=5ma 0.22 0.5
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Electrical Characteristics 7= 25¢ uniess otherwise specified (Note 2) (Continusd)

)

TiH

‘

“

F X3
2233 &

3

4

Rk

Parameter Conditions [Mn T Typ | Max | umm

CURRENT SOURCE (Pin 1) )
Output Current Rs=14 kN, Vpiy 1=0

LM131,LM131A, LM231, LM231A 126 135 144 BA

LM331, LM331A 116 136 156 ph
Change with Voltage OV<Vpny 110V 0.2 1.0 pA
Curent Source OFF Leakage

LM131, LM131A 0.01 1.0 nA

LM231, LM231A, LM331, LM331A 0.02 10.0 nA

Al Devices Ta= Tmax 2.0 50.0 nA
Operating Range of Current (Typical) (10 to 500) pA
REFERENCE VOLTAGE (Pin 2)

LM131, LM131A, LM231, LM231A 1.76 1.89 2.02 Voc

LM331, EM331A 1.70 1.89 2.08 Vpc
Stability vs Temperature 160 ppm/°C
Stability vs Time, 1000 Hours +0.1 %
LOGIC OUTPUT (Pin 3)

Vsar I=5mA 0.15 0.50 v

1=3.2mA (2 TTL Loads), TMINSTA < Tiax 0.10 0.40 v

OFF Leakage +0.05 1.0 pA
SUPPLY CURRENT

LM131, LM131A, LM231, Vs=5V. 2.0 3.0 4.0 mA

LM231A Vg =40V 2.5 4.0 6.0 mA

LM331, LM331A Vg=5V 1.5 3.0 6.0 mA

Vg =40V 2.0 40 8.0 mA

the device beyond its cified op ing s

Note 2: AR specitications apply In the circuit ovF:;unJ.-ithd.OVsVsswV.uviusMnolod.

Note 3: Nonk ity ts def as the deviati ollomfromvmx(IOIon/-IOVDdM\onlh.dvumhasboentﬂmrnod'orzuocnorﬂ‘lol-lendllIOlLHz.
over the frequency range 1 Hz 1o 11 kHz. For the tmng capacitor, C-,.meNPOmnic.Toﬂon'.orpomryreno.

Note 4: Human body model, 100 pF discharged through a 1.5 kil resstor,

Functional Block Diagram
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= | Typical Performance Characteristics
= , )
-{1 (All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.)
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Typical Applications (continued)

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONVERTER

The LM131 is a monolithic circuit designed for accuracy and
versatile operation when applied as a voltage-to-frequency
(v-to-F) converter or as a frequency-to-voltage (F-to-V) con-
verter. A simplifiad block diagram of the LM131 is shown in
Figure 2 and consists of a switched current source, input
comparator, and 1-shot timer.

The operation of these blocks is best understood by going
through the operating cycle of the basic V-to-F converler,
Figure 2, which consists of the simplified block diagram of
the LM131 and the various resistors and capacitors con-
nected to it.

The voltage comparator compares a positive input voltage,
V1, at pin 7 to the voltage, V,, at pin 6. If V1 is greater, the
comparator will trigger the 1-shot timer. The output of the
timer will turn ON both the frequency output transistor and
the switched current source for a period t= 1.1 R(C;. During
this period, the current i will flow out of the switched current
source and provide a fixed amount of charge, Q=i x t, into
the capacitor, C, . This will normally charge V, up to a higher
level than V1. At the end of the timing period, the current i
will turn OFF, and the timer will reset itself,

Now there is no current flowing from pin 1, and the capaci-
tor C_ will be gradually discharged by Ry until V, falls to the
level of V1. Then the comparator will trigger the timer and
start another cycle.

The current flowing into Cy is exactly lavg = i X (1.1 XRCy)
% {, and the current flowing out of C_ is exactly Vy/R| =
Vin/RL. i Vi is doubled, the frequency will double to main-
tain this balance. Even a simple V-to-F converter can pro-
vide a frequency precisely proportional to its input voltage
over a wide range of frequencies.

i
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" ———d e,
]
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} cutrgr
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FIGURE 2. Simplified Block Diagram of Stand-Alone
Volt-go-to-Froquoncy Converter Showing LM131 and
External Components

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (FIGURE 1a) :

The block diagram shows a band gap reference which pro-
vides a stable 1.9 Vpc output. This 1.9 Vpc is well regulated
over a Vg range of 3.9V to 40V. It also has a fiat, low tem-
perature coefficient, and typically changes less than 4%
over a 100°C temperature change.

The current pump circuit forces the voltage at pin 2 to be at
1.8V, and causes a current i= 1.90V/Rg to flow. For
Rg=14k, i=135 pA. The precision current reflector pro-
vides a current equal to i to the current switch. The current
switch switches the current to pin 1 or to ground depending
on the state of the Rg flip-flop.

The timing function consists of an Rg flip-flop, and a timer
comparator connected to the external R,C; network. When
the input comparator detects a voltage at pin 7 higher than
pin 6, it sets the Rg flip-flop which tums ON the current
switch and the output driver transistor. When the voltage at
pin § rises to 24 Ve, the timer comparator causes the Rg
flip-flop to reset. The reset transistor is then turned ON and
the current switch is turned OFF.

However, if the input comparator still detects pin 7 higher
than pin 6 when pin 5 crosses %4 Ve, the flip-flop will not
be reset, and the current at pin 1 will continue to flow, in its
attempt to make the voltage at pin 6 higher than pin 7. This
condition will usually apply under start-up conditions or in
the case of an overload voitage at signal input. It should be
noted that during this sort of overioad, the output frequency
will be 0; as soon as the signal is restored to the working
range, the output frequency will be resumed.

The output driver transistor acts to saturate pin 3 with an

" ON resistance of about 5011, In case of overvoltage, the

output current is actively limited to less than 50 mA.

The voltage at pin 2 is regulated at 1.80 Vo for all values of
i between 10 pA to 500 uA. It can be used as a voltage
reference for other components, but care must be taken to
ensure that current is not taken from it which could reduce
the accuracy of the converter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FREQUENCY CONVERTER (FIGURE 1)

The simple stand-alone V-to-F converter shown in Figure 1
includes all the basic circuitry of Figure 2 plus a few compo-
nents for improved performance.

Aresistor, Riy=100 kN1 + 10%, has been added in the path
to pin 7, so that the bias current at pin 7 (—80 nA typical)
will cancel the effect of the bias current at pin 6 and help
provide minimum frequency ofiset.

The resistance Rg at pin 2 is_made up of & 12 kN fixed
resistor plus a 5 kN2 (cermet, preferably) gain adjust rheo-
stat. The function of this adjustment is to trim out the gain
tolerance of the LM131, and the tolerance of Ry, Ry and C;.

lSSW'I/VLSSW'I/lSZVﬂ/VLSZW'I/lSlW'I/VlSI»W'I
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications (continued)

For best results, all the components should be stable low-
temperature-coefficient components, such as metal-film re-
sistors. The capacitor should have low dielectric absorption;
depending on the temperature characteristics desired, NPO
ceramic, polystyrene, Teflon or polypropylene are best
suited.

A capacitor Cy is added from pin 7 to ground to act as a
filter for Vi, A value of 0.01 1F 10 0.1 pF will be adequate in
most cases; however, in cases where better filtering is re-
quired, a 1 uF capacitor can be used. When the RC time
constants are matched at pin 6 and pin 7, a voltage step at
Vin will cause a step change in foyr. if Ciy is much less
than Cy, a step at Viy may cause foyt to stop momentarily.
A 474 resistor, in series with the 1 uF Cy, is added to give
hysteresis effect which helps the input comparator provide
the excellent linearity (0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGURE 3)

In this circuit, integration is performed by using a conven-
tional operational amplifier and feedback capacitor, Cr.
When the integrator’s output crosses the nominal threshold
level at pin 6 of the LM131, the timing cycle is initiated.

ALES![ 3 100 1N

The average current fed into the op amp’s summing
pin 2)is i X (1.1 RCyY X { which is perfectly balanced
=Vin/Bin._In this circuit, the voltage offset of the LM13{
input comparator does not affect the offset or accuracy
the V-to-F converter as it does in the stand-alone Vto%
converter; nor does the LM131 blas current or offset cut:
ront. Instead, the offset voltage and offset current of th.
operational amplifier are the only fimits on how small !\'
signal can be accurately converted. Since op amps with
voltage offset well below 1 mV and offset currents weli be.
low 2 nA are available at low cost, this circuit is recommend.
ed for best accuracy for small signals. This circuit also ré
sponds immediately to any change of input signal (which a
stand-alone circuit does not) so that the output frequency
will be an accurate representation of Vjy, as quickly as 2
output pulses’ spacing can be measured. )
In the precision mode, excellent linearity is obtained be-
cause the current source (pin 1) is always at ground poten.
tial and that voltage does not vary with Vi or foyr. (In the
stand-alone V-to-F converter, a major cause of non-linearky
is the output impedance at pin 1 which causes i to change
as a function of Vin). "
The circuit of Figure 4 operates in the same way as Figwa‘.?.
but with the necessary changes for high speed operation.
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Typical Applications (continueq)

DETAILS OF OPERATION, FREQUENCY-TO-

VOLTAGE CONVERTERS (FIGURES 5 AND 6)

in these applications, a pulse input at fin is differentiated by
a C-R network and the negative-going edge at pin 6 causes
the input comparator to trigger the timer circuit. Just as with
a V-to-F converter, the average current flowing out of pin 1
is IAVERAGE = | X (1.1 RC) X f.

In the simple circult of FIGURE 5, this current is filtered in
the network Ry = 100 k2 and 1 uF. The ripple will be less
than 10 mV peak, but the response will be siow, with a

1

TL/H/3880-7

Vour = fi x 2,08V x Rﬁ'k x (RCy
s

“Use stable with low cosficients.

FIGURE 5. Simple Frequency-to-Voltage Converter,
10 kHz Futl-Scale, +0.06% Non-Linearity

0.1 second #ime constant, and settling of 0.7 second to
0.1% accuracy,

In the precision circuit, an Operational amplifier provides a
buffered output and also acts as a 2-pole filter. The ripple
will be less than 5 mV peak for all frequencies above 1 kHz,
and the response time will be much quicker than in Figure 5.
Howevex, for input frequencies below 200 Hz, this circuit will
have worse ripple than Figure 5. The engineering of the filter
time-constants to get adequate response and small enough
ripple simply requires a study of the compromises to be
made. Inherently, V-to-F converter response can be fast,
but F-to-V response can not,
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LM131A/LM131/LM231A/LM231/LM331A/LM331

Typical Applications {Continued)
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Typicai Applications (continued)

Anslog-to-Digital Converter with Microprocessor
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Typical Applications (continseq)

Volitage-to-Frequency Converter with Isolators
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Introduction

The HP -type sealed lead-acid ba‘tery is a backup battery for portable equipment and
office and factory automation. This battery also combines with the solar cell to make a
decentralized power supply system.

The HP type sealed lead-acid battery is small and lightweight, ahd gives high perform-
ance while still being economical to use. In addition to these adv&’tag_es. the sealed con-
struction eliminates the necessity to fill it with water.

KOBE first developed this sealed lead-acid battery called a “colloid battery™ before
other Japanese Battery Manufacturers, for a large order for the signal's power supply
of the Japanese National Railways. Since then, this battery has been widely applied as a
portable, high performance power supply for portable televisions, and so on, to keep up
with developments in new equipment.

This handbook describes the construction, technical principle, characteristics, and

charge method of the HP type sealed lead-acid battery to ensure appropriate operation.

Description of the HP Type Sealed lead-Acid Battery

attery Features (D Maintenance free
' Gas generated from water electrolysis by overcharge is absorbed and reduced to an

electrolyte by the electrode.
Thus this battery is maintenance {ree.

@ Can be installed and operated anywhere since gas generation is self-contained
and there is no electrolyte leakage
There is no fluid electrolyte because the elecirolyte is firmly retained by a retain-
er and electrodes. However, gas generated from overcharge is absorbed by the
electrodes and not expelled outside the battery under normal operation.
With this feature, this battery can be built into equipment anywhere, from the fac-
tory to the home.

® Safety measures

Excessive overcharge or an incorrect charging method may produce an extremely
large volume of gas. This battery is equipped with a safety valve which detects ris-
ing internal pressure, and allows gas to the outside.

@ Ready for use when charged even after extended storage
Using a lead calcium alloy grid structure, which has a self-discharging quantity 1/3
to 1/4 smaller than conventional lead antimony grid structure batteries. This
greatly extends the storage period.

® High performance lead acid battery
With little internal resistance and efficient discharge characteristics, this battery
can be applied to many fields. Principal applications include cycle service with re-
peated charges and discharges, and standby use in which the battery is normally

maintained in a charged state and discharged only as required.
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9.4 Sealing Principle

'-T—The..éharge/discbarge‘x‘eaction of the lead-acid battery can be expressed by the

.following equation:

Anode Electrolyte Cathode Anode Electrolyte Cathode
Discharge
[UREES———
PbO; + ,2H;SO. + PO “Crarge | PPSOs 4+ 2H,0 -+ PDSO.
Lead dioxide Sulfuric acid Sponge lead " Lead sulfate Water Lead sulfate

In case of the vented type battery, overcharge after completion of the charge
causes electrolysis of the water content of the electrolyte, \&ich generates O gas
at the positive plate and H, gas at the negative plate. These gases are discharged
to the outside. Since a drop in electrolyte level results, adding the water is occa-
sionally needed.

The HP‘type battery is designed so that the negative plate does not have to be ful-
ly charged even when the positive plate is fully charged. No H, gas generates from
the negative plate although O, gas generates from the overcharged positive plate.

0, generated from the positive plate then reacts with the charged sponge lead (Pb)

- of the negative plate and turns into lead monoxide (PbO). The lead monoxide in

turn reacts with sulfuric acid (H,S0,) in the electrolyte to turn into lead sulfate
(PbSO,), allowing the negative plate to discharge. In other words, O, from the
positive plate is absorbed by the negative plate without being expelled to the out-
side. Since the negative plate develops discharging with the help of O, there al-
ways exists 'portions free from charging. As a result, the negative plate neve
generates H,. This completely prevents loss of water. This sealing principle may b

expressed as a reaction equation:

Negative plate (charged) 0O, gas generated from the positive plate Negative pla

Pb + /20, — (PbO)
Sponge lead Oxigen gas Lead oxide

fpr Electrolyte Negative plate (discharged) Electrolyte

H20 + PbSOs +———— H2S04 + (PbO)
Water Lead sulfate Sulfuric acid

This sealing principle is illustrated in Figure 2.

Charging ' End of charge Overcharging
Charger Charger Charger
©Plate ©Plate @Plate OPlate @Pinte ©Plate
[

noy "oy ”» "oy T ”»

+

o y wooe + | 1o
P ; ’nn:f' w4 *ree0y

L ) gl —

A . " Figure2 Sealing principle



ging

The constant voltage charge method is recommended to charge this battery. As charging

proceeds, the lead sulfate of the positive plate becomes lead dioxide. When charging
continues further, the positive plate begins generating O, to cause a sudden rise in bat-
tery voltage. T &
A constant voltage charge, therefore, gives rise to detection of this voltage increase and
control of the charge amount. This type of charging generally employs a constant-
voltage constant-current method with current limitation to prevent the initial current
(at low battery voltage) from increasing.
Table 1 shows the charge voltage and maximum charge current. Figures 3 and 4 show
the constant-voltage charge characteristic of the HP6.5-12.
Figures 3 and 4 show a constant-current charge initially made with a current limited to
0.1CA, with the constant-voltage charge following after the battery voltage reaches a
certain level. The battery was charged at the 100% discharged state and the 50% dlS-
charged state. A charge quantity of 110-120% of the discharge quantity is needed to
fully charge the battery. .
The charge voltage of the battery decreases with increasing temperature and increases
with decreasing temperature. Accordingly, charging with a given voltage requires in-
creased charge current when the temperature is high and decreased éharge current at a
lower temperature.
Temperature compensation is’ not necessary when the battery is charged at an ambient
temperature of 5°C (41°F) to 35°C (95°F). At a temperature below 5°C (41°F) or above
35°C (95°F), however, temperature compensation for charge voltage is necessary.
The temperature coefficient is:
(1) For cycle yse
© —5mV/"C cell
/ (2) For standby use (trickle charge or float charge)
—3.3mV/°C cell .
Refer to Figure 5. In order to prevent a poor-charge under low temperature and
over-charge under high temperature, the charge voltage must be set at the

appropriate value according to the battery temperature.

Table 1 Charge voltage and maximum charge current

j"ar‘.‘z'.éfz (Jharge:'\roluge (Vcell) '#;?“‘\'. - x‘g.Mlx; charge current:
O R LT HAllowabler# ik W

P A . LA
<P ture T K polar | & “irangdidy| 1

Cyclé use 20°C(68°F) 2.45 2.40~2.50
Standby use 20°C(68°F) 2.275 2.25~2.30

0.3C
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Figure 3 HP6.5-12, charge characteristic for the constiant voltage . v
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Charge voltbge (Vicell)
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Battery temperature (°C)

% When used in a temperature range of 5 to 35°C.

When used in a temperature of 5°C or below or 35°C or above.

Y

e

(1) Even under high temperarture, a charging voltage more than 2.2V/cell of open circuit voltage
is required.
(2) Even under low temperature, the charging voltage must be set at.less than 2.35V/cell s0 as to
prevent gas generating from the battery.
(3) The battery life will be shortened as the service temperature rises.
(4) Using the battery for a long period of time under temperarture between 40 to 50°C may cause '

a thermal runaway.

Figure 5 Relation between battery temperature and charging voltage for standby use.

charge The battery capacity (Ah) is 2 product of the discharge current (A), and time (h) to the
final discharge voltage: ‘
Battery capacity (Ah) = Discharge current (A)
X Discharge duration time (h)

|

il

y/ From the above equation, .the Discharge duration time varies depending on the dis- "!
charge current. The battery capacity also greatly depends on the discharge current. | I
||

For example, compare 20 HR (Hour Rate) discharge and 1 HR discharge case: |
For 20 HR, 0.05C (A) X 20 (h) = 1C (Ah)
For 1 HR, 0.6C (A) X 1 (h) = 0.6C (Ah)

This means that the capacity for the one hour case is 60% of the 20 hours case. i

Evidently, increasing discharge current causes decrease in‘the apparent Ah capacity.

The final discharge voltage also'varies depending on the discharge current.

The discharge capacity is affected by the battery temperature-during discharge. Gener- .




ally, the capacity decreases when the battery temperature decreases during discharge.

Discharge characteristics are described in Figure 7.

Table 2 Discharge current and final discharge voltage

w - ﬂ: "z:)f"?fﬁif ? "«';:;' t: -‘ F in.u'l :d'iST:harge voltage (V/cell)
0.2C >(A) or intermittent discharge : 1.75 _
0.2CS(<0.5C - _ ©LT70
0.5CS(W<1.0C 1.55
1.0 C<(A) 1.30

1

(2)

Discharge current and final discharge voitage

For the relation between discharge current and final discharge voltage, Table 2 is
adopted. The battery should never be discharged to less than the predetermined
final discharge voltage. Otherwise, overdischarge may result. Repeated overdis-
charge may cause failure to recover capacity even by charging.

Discharge characteristics at various rates ’

Figure 6 shows the discharge performance at various rates for HP6.5-12. Figure 8

to Figure 11 show the relation between the discharge current and time. Using this

. figure, select the appropriate capacity for the sealed lead-acid battery.

3)

For the final discharge voltage, refer to Table 2.

Temperature and discharge capacity

Figure 7 shows the relation between temperature and discharge capacity. This figure
shows the result of charge at 20°C(68'F) and discharge at various temperatures.
Avoid operation of the battery below -15°C (5°F) or beyond 50°C (122°F) since

damage may occur even though the battery may still operate.
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Figure 6 HP6.5-12, discharge characteristic at rates(25°C (77°F))
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Table3. Discharge current in ampere to each voltage on HP type sealed lead-acid battery
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A silegune, .

"™ 4.0c | 39c | 38c|37c |35c |32¢c|28c]|23c 1 1.8C | 1.5C | 1.1C | 0.64C
v 7 13.2C) [(3.15C)[(3.1C) [ (3.0C) [ (2.8C) | (2.6C) | (2.3C) | 2.0C) [(r.65C) | (1.4C)

1.8 “+5 |32C |30C |27C|25C [23C |22Cc |19C [1.75¢c{ L4C | 1.2C 0.95C | 0.59C

(2.55C)| (2.4C) [(2.35C)} (2.3C) [(2.15C)| (2.0C) { (1.8C) |(1.65C)| (1.3€) | (1.1C)
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(3.9C) [(3.8C) | (3.6C) | 3.3C) [ (2.9C) | (2.6C) [ (2.2C) | (1.9C) | (1.6C) | (1.3C)

.| 44C | 3.9C } 33C | 29C | 2.6C |[24C |21C | 1.7C {135C |1.15C | 0.88C | 0.54C
3.1C)[(.0C) | (2.9C)|(2.7C) [(2.35C)| (2.1C) | (1.9C) | (1.6C) [(1.25C)](1.05C)

7.6C 1 6.7C | 5.6C | 4.9C { 4.4C | 3.9C | 3.3C { 2.8Cc | 2.1C | 1.7C {1.25C | 0.7C
(5.4C) | (5.2C) | (4.9C) [ (4.4C) | (3.9C) | 3.5C) [ (3.0C) [ (2.4C) | €1.9C) | (1.6C)

] 6.1C | 5.2C | 4.3C [ 3.8C | 3.3C | 3.1Cc | 226C | 2.2C | 1.8C | 1.5C | 1.1C |0.66C
: (4.0C) | (3.9C) |(3.75C) (3.5C) | (3.1C) |(2.75C){ (2.3C) | (2.0C) | (1.7C) | (1.4C)

941 9-1C | 4.4C | 3.5C | 3.0C | 27C | 2.5C | 2.2C | 1.75C |*1.4C | 1.2C | 0.9C | o0.55C
" 113.3C) | (3.2C) | (3.1€C) {(2.75C)| (2.4C) | (2.2C) | (2.0C) |(1.65C)| €1.3C) | (1.1C)

% The number in bracket shows a discharge current of rated capacity above 15Ah.
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p 3.3 Overdischarge

Charge quantity (%)

Charge current' (A)

Compared to the alkaline battery, the sealed lead-acid battery is very sensitive to over-
discharge. And overdischax.-ge results in failure to recover normal capacity, reduced
capacity, or shortened service life. Overdischarge also occurs by. leaving the battery in
a discharged state. The HP type sealed lead-acid battery overcomes this. If this battery
is overdischarged and left standing in a discharged state for several days, it can recov-
er its original capacity when charged.

However it is necessary to avoid overdischarge situations as much as possible. Also

check the following points when charging, v

Precautions:

® The original capacity can be recovered after two or three consecutive overdis-
charges or leaving the battery in discharged state. Beyond this limit, the battery
may not recover to its original capacity. .

@ Always perform constant-voltage charging with a 2.45V/cell or constant-current
charging with 0.05CA. The charge voltage of 2.275V/cell may not be enough to re-
cover to the capacity above. In this case, repeat charge and discharge two or three
times. '

Figure 12 shows an example of the charge characteristic after overdischarge and
‘leaving the battery in a discharged ‘state. As this figure shows, the charge current
may not flow in the initial period of charge. This is not abnormal since the charge

current flows as charging continues.

r 15 Battery voltage |

N - q“.n“w Gty) ralio
2.0 14 Ch‘;:“hal"e“—“L

(o O Battery HP6.5-12

' @ Overdischarge conditions
24 hours with 120 resistor
connected

/ . Quantity of discharge

o

n

I
-
@«

electricity 8.8 Ah (measured)
@ Leaving condition

A battery with the resistor
/ disconnected, was left

-
©
1

standing for 30 days
. @ Charge conditions
Charge voltage 14.7V
. Charge current 1,95A
o5} ® Temperature 20+5°C (68+9°F)

- 10 / ,
\ Charge current

0 0 '

0 4 s 12 16 2 2
Charge time (h)

" Battery voltage (V)

-
-

Figure 12 An example of the charge characteristic after overdischarge and leaving the battery

in a discharged state



3.4 Capacity Retention and Storage - .

Capacity retention ratio (%)

(1) Capacity retention

When the charged battery is left standing for an extended period of time, its capae-
ity gradually decreases and enters to discharged state. The battery consumes the
stored electric energy without releasing it effectively to the circuits.

This is called self-discharge. ) ‘

This appearance is one of inevitable loss on the batgry and it will occur evea in
case of battery being not used snd being charged. The cause of self-discharge is
chemical and electrochemical. Self—discharge for the lead-acid battery is described

below.

® Chemical

Both active anode (lead dioxide) and active cathode (spongy lead) substances acti-
vated by a charge, are either decomposed or brought to gradual reaction with sul-
furic acid in the electrolyte, which then changes to stable lead sulfate causing self-

discharge.

@ Electrochemical

100

Impurities brought to the battery either from local cells or oxidize or reduce both
electrodes, causing self-discharge.

The HP type sealed lead-acid battery incorporates the new lead-calcium alloy grid
structure uniquely developed by HITACHI. This structure almost completely eli-
minates self-discharge caused by the electrochemical action through dissolution of
impurities (antimony, and so on) encountered in lead-acid batteries. The self-
discharge quantity of the HITACHI battery is very small, 1/3 to 1/4 that of ordin-
ary lead-acid batteries. This means that this battery has a superior capacity reten-
tion characteristic. See Figure 13, the capacity preservation characteristic and

storage guideline.

No supplementary
'\,\ . charge required (Cac-
—— ri out supplementary
c

arge befure wse if

‘ B
NN k)| Rt

charge will help te re-

™
\‘\ \ . ‘\'\ 100% capacity is re-
[ ~—] quired.)
t\

N N th and
N\ N o ek
early as possible.

N 9 s Supplementary charge
may often lail to re-

40T ko 2201 cover the capacity.
(104F) (86°F) (68F) The battery shouw

never be Irfl standing
b till this stnte s

resched.

2 4 6 s 10 14 " 16 18 2 Supplementary charge
. and storage guidelines
Storage period (month)

Figure 13 Capacity retention characteristic and the
supplementary charge and storage guideline



3.5 Service Life

(2) Storage : .

Lead-acid batteries previously were affected by long term storage after. charging.
But this battery is not so affected. This battery offers longer extended storage
than conventional batteries. See Figure 13.

During storage, carry out supplementary charging according to the cycle shown in
Table 4.

For supplementary charging after long storage, either the constant-voltage charge
with 2.45V/cell, or the constant-current charge with 0.0SCA.qs recommended. But,
sometime, one supplementary charge may not recover to the 100% capacity. Such

being the case, it should be repeated until the capacity is recovered before storage.

Table 4 Storage temperature and recommended supplementary charge interval

Recommended supple-

Storage temperature mentary charge interval Supplementary charge method
Below 20°C(68°F) Every 12 months *E:?ot;';_nz?gvh/(:;:i? with a constant vol-

*6 to 12 hours with a constant voltage of

20 to 30°C (68 to 86°F) Every 8 months 2.45V/cell

Over 30°C(86F) Storage to be avoided *g(t)g(l:i hours with a constant current of

Similar to other batteries, this battery develops electrode deterioration after extended
use. When the service life is reached, the capacity cannot be recovered by charging.

Depending on the charge method or service temperature, this battery may have a shor-

ter life than a lead-acid battery with a large quantity of electrolyte.

The following factors are mainly responsible in shortening of the service life of the

battery :
@ Discharge depth

Repetition of discharge with a large discharge quantity (that is, deep discharge)
shortens the cycle life.

Discharge current magnitude

After repeating the discharge with a small discharge quantity (that is, light dis-
charge), a very large discharge current will shorten the cycle life.

Charge current magnitude

Excessively large charge current generates gas in a quantity exceeding the absorp-
tion rate of the battery. This causes internal pressure to rise, and gas is expelled
by the valve. Finally the electrolyte decreases and becomes empty.

This requires particular attention during trickle or float charging.

Overcharge quantity

When it is overcharged, the battery component (plates, separators, and so on) will
suffer for deterioration due to electrolytic oxidation. In case of trickle or float
charge, the overcharge quantity is a vital factor in determining battery life.
Influence of ambient temperature

High ambi.ent temperature accelerates deterioration- of battery components. With
constant-voltage charging, high ambient temperature allows an unnecessary large

quantity of charge current to flow, which results in a shorter service life. Charging

- -
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2)

at low temperature, however, causes generation of H; gas. This gas ct.n‘xses the in-
ternal pressure to increase or the electrolyte to decrease, and thereby shorten ser-
vice life,

Cycle service life

Figure 14 shows the relation between the discharge depth and number of cycle ser-
vicing. As the discharge depth increases during servicing the number of service cy-
cles decreases. When used for similar loads, the batteg‘y which is designed for ex-
panded capacity will have a better service life. ) 4

Trickle (float) charge service life

Figure 15 shows the battery capacity and trickle (or float) charge service life. The
dark shaded portion indicates the range of the service life characteristic.

Figure 15 applies to the trickle or float charge with the charge voltage of 2.25 to
2.30V/cell for the HP type sealed lead-acid battery.

120
100 @ E - "_\_‘\
\ \ \\_\ .
g " <
»
§ o= . ' ,
3 Discharge depth 100%| Discharge depth 50% Discharge depth 30%
40— @ Discharge current : 0.2CA
(however, up to FV1.7V/cell)
Charge current : 0.1CA .
2 Ambient temperature : 20 to 25°C
(68 to 77°F)
0 l ]
0 200 400 00 00 1,000 1,200
Number of cycles (time)
Figure 14 Cycle service life
10
8
6 \\\
s~ \ (D Charging voltage :
! o ™~ 2.25102.30V/cell ~—
] \
~J T
g 2
& 1
=
0.5
20 30 0 50 (°C)
68 86 104 122 (F)
Battery tempersture

Figure 15 Relation between battery temperature and trickle (float) charge service life
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4. Charge Method

4.1 General

Choose the appropriate charge method according to the application and conditions of
the HP type sealed lead-acid battery to get full performance from the battery. Methods

available : the modified constant voltage charge method, constant current charge method,

constant-voltage charge method, and two-step constant voltage method. The modified

constant voltage charge method and constant voltage charge method are generally used

for batteries with cycle servicing. And, the constant voltage charge method is generally

used for standby servicing (trickle and float). Also, the modified constant voltage charge

method is used for supplementary charge of the battery left standing for a long time.

Recently the two-step constant voltage charge method is being used for rapid charging

of the sealed lead-acid battery. Refer to Table 5 for the charge methods and their fea-

tures.

Table 5 HP type sealed lead-acid battery charge methods and features

b - : Y
syoltage charge,. Ji;

L34 ’ .
ROOh e W
[ a M

<
.

deep discharge
* High cost

T e ' Standby Supplementary Circuit
Charge method Cycle servica:.. { (trickle, float) charge diagram
., .| = Alarge current flows at’ |Not applicable » Charge possible within a
.| the initial stage of battery relatively short period
"™ .| charge, then the charging = Charge of batteries con-
Modified constant ° . . . .
current reduces as the nected in series is possi- |Figure 16
voltage charge o . .
o yegs battery voltage rises in ble for batteries dis-
(simplified charge) the course of charge. charged under a given
! However charging current condition
! - +| flactuates largely by the * Low cost
BN 1} charger's input power’
H .| fluctuations.
e Low cost
=’ » Charge is possible within [Not practical * Charge to meet discharge
v . =~ a relatively short period quantity is possible by
Constant current ch:rg:.; . Pr.otective circuit re- controlling the time Figure 18
e ) . ‘| quired to prevent over-
S S ‘(. charge
' ., | = High cost
*f.‘:'.'- . ¢~ | ® Proper charge * Proper charge * Charge of batteries con-
" e jfl " e In general, charging re- * Inaccurate charge voltage nected in series is possi-
G quires a lot of time. may cause overcharge or ble for batteries dis-
Constant voltage cblu%({. * fast charge is possible by | undercharge. charged under a given
 (constant current /| changing set voltage and | ® Relatively long time is condition Figure 20
" constant voltage)* 2k current. Overcharge coun-| necessary for recovery af-| * Normal cost
' Lo g, _;,_.'; termeasure is necessary ter deep discharge
- ","_ “' 5‘ for the final stage of » Normal cost
a "'_‘f '.‘0‘ charge.
SRS L‘h * Normal cost
t,‘» vt l“; * Reasonable fast charge * Charge for recovery is
S } " .| » High cost . possible within a relative-
'I_'wo—step‘consum Ry ly short period.even after: Figure 22




4.2

Charge Methods

(1) Modified constant voltage charge miethod (simplified method)

2)

This method is easy to handle and less costly. However, since charging voltage
fluctuates affected by the charger’s input power fluctuations, the following points
must be kept in mind when using it. .

(1) Due to lack of stability of charging voltage, this method cannot be used for
trickle use. - . ' .~

(2) When used for cycle use, the timing of charging OFl"is important so that the
charging volume does not short or become excessive. If the battery is left intact
while being charged, it would cause an overcharge.

An example of circuit diagram is shown in Figure 16, and an example of charging

characteristics in Figure 17.

e
| B

Figure 16 Modified constant voltage charge circuit

Charge current

Battery voltage
Charge current

Battery voltage

Charge time

Figure 17 Modified constant voltage charge characteristic

As shown in Figure 17, a large current flows at the initial stage of battery char.ge.
then the charging current reduces as the battery voltage rises in the course of
charging. However, due to lack of stability of charging voltage, the current flowing
during charging cannot be controlled. In this charging method, the battery life in
cycle use shortens compared with that under the constant voltage charjging method.
Constant current charge method

This .method'consists of charging the battery with constant current.

With this method the charge time and charge quantity can easily be calculated,
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however, an éxpensive circuit is necessary to obtain a highly accurate constant cur-
rent. Consequently, this charger is rarely used for general purpose.
Figure 18 shows an example of the constant current charge circuit. Figure 19

shows an example of the charge characteristic.

TR1 RS D2
w4 ““
T ' R2 ey

TR2

o
& |
|
|
]
s I
R4
D! Z0

Figure 18 Constant current charge circuit

Charge current /_

Battery voltage

Battery voltage

Charge current

————— Charge time

Figure 19 Constant current charge characteristic

(3) Constant voltage charge method (constant-current constant-voltage charge

method)

This method consists of applying constant voltage to the battery with a constant
voltage unit. This is the charge method of battery by utilizing a different voltage
between its voltage and battery voltage. The charge current is initially large, and
decreases towards the end of charging. It is necessary to set the charge voltage
ai:cording to battery charging and temperature characteristics. Inaccurate voltage
causes overcharge or undercharge.

Since there is a large current flow at the start, this method requires a large capac-
ity charging unit, which causes the cost to increase. Consequently the constant-
current constant-voltage charge method with limited initial current is widely used
for cycle service and standby use batteries.

Figure 20 and 21 show an example of the constant-current ‘constant-votlage charge
circuit diagram and charge characteristic respectively. The circuit shown in Figure
20 has a temperature compensation circuit for cﬁarge voltage, which guarantces

optimum charge regardless of change in the ambient temperature.

2
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Figure 20 Constant-voltage constant-current charge circuit

Charge current /—“

Battery voltage
Charge current

Battery voltage

T Charge time

Figure 21 Constant-voltage constant-current charge characteristic

(4) Two-step constant voltage charge method

This method uses two constant-voltage devices (IC, ahd IC,). The device with con-
stant voltage with the set high (IC,) is used initially. When the charge is nearly
complete and the battery voltage has risen to a specified value (with the charge
current decreased), the second device (IC,) is used to switch the set voltage to the
lower charge. This method enables fast charging during cycle service, without the
possibility of overcharge even after long extended charge. This method also allows
fast charge in standby use.

Figure 22° shows an example of the circuit diagram.

Figure 23 shows an example of charge characteristic.

R2

(7] 12 5 [ 3

Figure 22 Two-step constant voltage circuit



4.3 Charge Precautions
1

’ (2)

§ E Charge current /1__—
£8
o
% Battery voltage
m
> Charge time

Figure 23 Two-step constant voltage charge characteristic

For cycle use

The cycle use requires charging to be completed within a short period. However,
care should be taken when a person is not familiar with the battery or charger.
Particularly when making fast charge, protective measures (incorporation of a
backup timer, and so on) should be taken to prevent overcharge.

@® Take safety precautions, such as, automatic cut-off of éharge upon completion ;
or preventing overcharge even after long extended charge by controlling the
charge current.

@ The charge characteristic is affected by the temperature. Use the tempeature
compensation circuit when the charge is to be made at an ambient temperature
less than 5°C (41°F) or more than 35°C (95°F).

@ Contact our company when fast charge occurs for two or less hours.

For standby use

For standby use, the trickle charge and float charge are available.

In either case, the battery is normally charged at small current enough to meet the

self-discharge of battery. Power supply from the battery to the load is made only

for emergencies (power failure, and so on).

This method requires a lot of time for charging, and the two-step constant-voltage

charge method should be selected when the battery capacity is to be recovered

within a short period after discharge. Check the following points when designing
the standby use charger:

D Because the battery is charged continuously for a long period of time, even a
slight difference in the charge voltage results'in a big difference in expected
service life. It is essential to ensure accurate control to minimize charge vol-
tage f'luctuation.

@ The charge characteristic is greatly influenced by the temperature. Use the
temperature compensation circuit for an ambient t'gmperature less than 5°C

(41°F) and more than 35°C (95°F).



3. Sepecifications List

b;anln;l “?Rated GWCI!yfAh) " _ixwelght Energy |Specific| Internal | Max.
Battery type' \!;oltagé ;LZQHR_"' 10HR 1 HR‘\ :.‘}(Approx. density | energy ?::;’s::::: D;zi?:r?: i
L e Vieah | viomn | tatiosn” |t/ tun/i)| m) [sses (A)
HV 7 —12 N 6.5 4.8 27(60)| 9% i31 2 |0
HV 1212 12 12 | n 8.2/41(9.0)| 104-| 35 16 | 180 |
HP 2 —4C 4 2 .85 1.3/ 0.29(0.64)| 75 28 18 30
HP 4 —4C . 4. 37| 26|0541.2)] 79 30 12 w0 |
HP 4 —6C 6 4 3.7 2.6/ 0.80(1.8)| 8 | 30 20 0 |
HP1.2-6  (6M1.2)| 6 L2) 1 0.7 0.28( 0.62) | 58 26 70 18
HP3 —6  (6M3.0)| 6 3 2.8 1.8] 0.62( 1.4 )| 65 29 35 w» |
HP 3.2—6  (6M3.2)| 6 32| 3.0 .9/ 0.73(1.6)| 7 2% 25 8 |
HP 4 —6  (6M4.0)| 6 i | 37 2.4 0.80(1.8)] 70 30 20 60 |
HP 4 —6P (6M4.0)[. 6 |. 4 | 37 2.4|0.80( 1.8 )| 70 30 30 20 |
HP 6 —6  (6M6.0)| 6 6 5.6 3.6/1.2(26)] 74 30 20 0 |
HP B8 —6  (6MB.0) |6 | -«8 | 747 48[1.7(3.8)| 67 28 15 120 |
HP 8 —6P 6 8 7.4 4.8[1.6 (3.5)] 60 30 25 20—;
HP 10—6 (6M10) [." 6" "10 | a3 6.0/ 1.9(42)| 84 32 10 lso—f
HP 105—6 6 105 | 98 63 [19.0 (41.9)| 92 3 2 630——»
HP 0.3—8P 8 0.3] 0.28| 0.2]0.11(0.24)] 45 2 | 350 1
HP 0.7-12P (12M0.7) | 12 0.7| 0.65| 0.4]0.34(0.75)| 57 5 | 220 9
HP 1212 (i2m1,2) |92, |, (12| L1 |- o7fose(1.2)) 60 | 26 | 10 18 |
HP2 =12 (12M1.9)| 12 2 1.8 1.2| 0.93( 2.1)| 66 26 90 0 |
HP 2.2:12P ¢ ' |Teq2n [t 22| 209" 13|07 1.7)] & 33 | 100 9:
HP 2.6-12 (12mM3.2) | 12 2.6| 2.4 1.6 1.4 (3.1)] 49 2 | 1o a8
HP 3 ~12 "{12M3.0) Whkelieg ] opig 1.8|1.2(26)| 30 60 5 |
HP 4 —12 12 4 3.7 24/1.7(38)| 75 28 45 60 |
HP 6.512 (12M6.0) [© 12° | | 65| 62| 39/24(53)| 8 | 3 | » | % |
HP 15—12 (12mM15) 12 15 14 9.0 5.9 (13.0 ) 78 A 15 225
HP 15—12F - #12 15 | 14 9.0]5.9(13.0)| 78 31 15 | 25 |
HP 24—12  (12M24) | 12 2 | 2 14 |9.0099) 79 32 0 | 30 |
HP 24—12F7(12M24) [ 12| =24 | 220 14 | 9.0 19.9)] 79 2 10 | 30 |
HP 38—12 12 8 | 3% 23 [14.5 (32.0 )| &3 31 8 | 360 |
HP65—12 = |~ 12¢ [T 65 | 6 39 |2.0(48.5)| 77 35 s | 400 |

4

The type number in bracket is an Indication in accordance with Japanese industrial Standard. (JIS C8702)
Current limited constant voltage charging Is recommended.
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