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Abstract

This project present an application of digital data transmission by using radio frequency. The FM-SCA
is use for transmission channel which bandwidth is about 15 kHz. We use BPSK modulation technical to
modulate carrier signal and digital input signal. The camer of BPSK is about 67 kHz and bit rate of digital input
signal is 4800 bps. When the digital input signal is transmitted. The receiver will receive only the transmitted

signal and demodulate it.
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Q2 FoiaWoavIoINIUYMADS

¥ d v o 4 a
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o 3 | s o o wal @ ¥ < I3 & P=P=1
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2.4 1oW1d3 19a@%10 (FM SCA)
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' a i ¥ ¥ A
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SCA A0 Taemnsosuilesioms sca Tdu@oniunTeaiuingszuy FM mono # liansouen
as . P ey o ar .
Faya i Tusguy stereo multiplex Aitioson Liiguns el lunsusndnye) 1o stereo multiplex
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A2 DHVDITRY QY 1MUY (Modulating Frequency)

51 2.13 naaams [uouanudvesdaya 1w luTEUY FM stereo 59UAY SCA

= -4 ' i ar ] .
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= 3 A ra = & ¥ ¥
tanunaveaounduluibu 15 KHz 317 2.10 uanaszuy FM stereo a9z19nnuni1sveuny
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2.4.1 M33UAMRE SUFYNIMITUY SCA
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sca wlFgUnsellumsdifiuananaiu Taoszuufl scA swegdiu vziigUnsal SCA generator
a o . , [ y
g1 191y Block Diagram 48352 UU stereo phonic + SCA A331# Auaasdrmduilss uaaq

faduvesgUnseifiiudnanszuuNsda FM stereo 1n@ s1emshdalavszuy SCA azgawer
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A @ A a1
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2.4.2 psAaIfefumssumulunsdianmiiing FM stereo fiaa SCA A8M35UNIU
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iafsa

e = a = a =y =

amilignsenoduaszoy FM Tunjunwuniuas 39 aotl) noomilszlinnuddiufio

MU 500 KHz @013l FM sterco Hia4310M3 SCA 420 3iianunianauaudnie Bandwidth
Aﬂé d' = ]

Uszane 300 KHz (2*75+2%74.5 = 299 KHz) azaa1iiwi0ona1n1A lusE U FM stereo N lilim3aa
sca weldrnuuouanudylszuin 256 KHz (2*475+2*53 = 256 KHz) 21nA1avAIna19siud ae
Tianmssunmiuszninamiiiagiafss demavy auudi aoliing vany. , aniing
N9, FINAUTZUY SCA 1o lFmIne IR taaInnunIaveoVANUBYINAUN 3 7ol
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AU antl vany. A0t N0,
101.5 MHz 102 MHz 102.5MHz
200kHZ ™ 200kHz ™ 4QOOI(HZ’[
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< sookHz ~—™T* 500kHz —

51 2.16 uarmannunannuanudvewn audyaw aanliIngpn,vanyuas ne AATEUY SCA
»

A2 3 doll

Tunsaivesamitiingluarsdanda dgmimssuniuszninaniinldanuddafvede
Aoainsanaae iieannlunauauiing FM vesdszing 18dmualdeniiiludeimials
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2.6 Phase - locked Loop (PLL)

DC OUTPUT
INPUT __| PHASE LOW-PASS VGO LOCKED
SIGNAL DETECTOR FILTER OUTPUT

l

(a)
INPUT INPUT
/ / INPUT
vCO vCo L vCO
(b) () {d)

‘g‘.'l_lﬁ 2.26 Block Diagram PPL

- input signal ﬁﬁmmﬁ f, fio input 493 detector

- LOW-PASS FILTER (LPF) 32001 11a%1z DC Voltage 8an1n'l& §4 DC Voltage 192

ﬂ’J‘lJﬂilﬂ’nlié‘U’EN vCO

- Feed back System ‘f‘;ﬁ1ﬂﬁ1ﬁ lock VCO frequency iy input frequency

- 1ilo53UY Feedback Ma1matiragniainds

VCO frequency (output) = f_ (input)

Phase Detector N9214 input Tfﬂ 2 9u ﬁﬁmmﬁlﬁﬁmﬁu"ﬁh phase angle (#) nals Rumy
DC Output ‘ﬁ’uﬁa input frequency mﬁiuuuﬁaa VCO frequency ﬁﬂ:nﬂ%‘uuuﬂmmm‘ﬁu &
input frequency f, BRI phasor maaﬁuﬁﬂzﬂym?a“ﬁuua: $ Rezuiu (31U ©)
MUIUR4 de voltage MOBNWITIN phasor detector HABART de voltage Tanavzi iy vCO
frequency ﬁﬁ1lﬁu$ﬂ%uﬂ‘i:ﬁd

VCO frequency (output) = f (input)
asafudy &1 input frequency lif1aAAY phasor yeaURIzMYUTIAL LAz ¢ Avzaras (51 D)
NUIWDA de voltage ﬁaanmmn phasor detector ﬁﬁuﬁn‘l’:uuazéaffﬂ:ﬁﬂﬁvco frequency 1
fhﬂﬂﬂwuﬂiﬂ?‘l'd VCO frequency (output) = f, (input)li'uﬁi] PLL 3215uud vco frequency
It0e phase angle 861907 [UNA
Lock rang (B) = f._- £ (19 60 KH, - 40KH, = 20KH,) fetuanudd vco ausanda

1Aiufie 1lie PLL “look” A7 input frequency f, @1sonasunlasegszning 40 - 60 KH,



33

Free—running mode

ﬂﬁuqﬂﬂ as-table 55 timer 9 1461l control voltage YUY oscillate # natural frequency FaMnun
18Tay saflszneuveeIees udufy veo lugil (a) §1da input signal 0N WUIIVCO B2
oscillate 1U free-running mode AnNUAA I TR MUATAL DafYsznOVYD IS

Capture and Look

fmuﬁ’lﬁ' PLL (iu free-running 138 unlocked PLL e11150 Look 14111 input frequency agj‘lu
capture range B~ f, —f, 1a0 f, o ANNdqagA £, e anvdmga v B, < B, uaz B, 12
“T;uﬁlj cut-off frequency Y93 LPF (cutoff frequency 3351 B. ﬁdﬁﬁWﬁﬂU)

EM output

2) HAAIRY LC oscillator 1 C tlBeuntas sz Iinaudidounasiuife Fm
(Frequency Modulation)

b) dyyru FM fidgyiw FM A3 b gatlewdng PLL wud1 vCO 92 track” input
frequency 1118 input frequency fima/Geuntas wafi1dfe DC voltage MlGounaseonu
910 LPF Fuduussduiifanudiorsusudygimiinms sy auel, fos | 1a4) e
demodulated FM Output)
1C565 (Signifies, 14 — pin IC) @iy RC ifoad1a PLL
U1 2 1as 3 = differential Input
41 2 (@ 1ng) = ground uAT U1 2 = input
U1 4 (output) U1 4 HUV1 5= aoiyouiuiely vco Output naodly input Y03 phase detector
R 11’;'?;‘1!1 8§C 1ff1¢"i"u1 9 “timing” ADAIVONDY free — running frequency Y8d VCO

yo 03
R.G,
' 'l & ) ' {
IMaen R,C, 1ATiA10gfiganana13veq input frequency range 1¥U §1ABINIloock 1©1AIWT

input 104331319 40 - 60 KHz A351800A1 R,C, MW f= 50 KH,417 =FM output (Aefy
o & a
Amplifier i’JE)ﬂ’mT‘i‘\\])CF , R(3.6K Q) Low — pass filter ¥IU cut-off frequency

1

S =om.C,
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Order this document by LF347/D

@ MOTOROLA LF347, B
JFET Input
] - ]
Operational Amplifiers
Th I t JFET | lifi bi t FAMILY OF JFET
ese low cos input operational amplifiers combine two
state—of-the—art analog technologies on a single monolithic integrated OPERATIONAL AMPLIFIERS
circuit. Each internally compensated operational amplifier has well matched
high voltage JFET input devices for fow input offset voltage. The JFET
technology provides wide bandwidths and fast slew rates with low input bias N SUFFIX
currents, input offset currents, and supply currents. PLASTIC PACKAGE
These devices are available in single, dual and quad operational CASE 626
amplifiers which are pin—compatible with the industry standard MC1741, 8
MC1458, and the MC3403/LM324 bipolar devices. 1 D SUFFIX
¢ Input Offset Voltage of 5.0 mV Max (LF347B) PLASTIC PACKAGE
® Low Input Bias Current: 50 pA 8 @ 0?555_78?1
1
¢ Low Input Noise Voltage: 16 nv/VHz
e Wide Gain Bandwidth: 4.0 MHz PIN CONNECTIONS
® High Slew Rate. 13V/us
® [ow Supply Current: 1.8 mA per Amplifier LF351
® High Input Impedance: 1012 0 (Top View)
® High Common Mode and Supply Voltage Rejection Ratios: 100 dB
LF353
(Top View}
MAXIMUM RATINGS
Rating Symbol Value Unit
Supply Voltage Ve +18 v N SUFFIX
VEE -18 PLASTIC PACKAGE
Differential Input Voltage viD +£30 v CASE 646
Input Voltage Range (Note 1) ViDR +15 v .
Output Short Circuit Duration (Note 2) tgc Continuous PIN CONNECTIONS
it Y S
Power Dissipation at Ta = +25°C Pp 900 mw ot [7] ) oua
Derate above Ty, =+25°C gJA 10 mw/°C
2 h 1413
Operating Ambient Temperature Range Ta Oto +70 “C Inputs 1 [ ] ) ] Inputs 4
3 12
Operating Junction Temperature Range T 115 °C & + ! 4 + A
vee 4] (1] vee
Storage Temperature Range Tstg -6510 °C + -
+150 ] )
Inputs 2 2 3 Inputs 3
NOTES: 1. Unless otherwise specified, the absolute maximum negative input voltage is E - - E'
limited to the negative power supply.
2. Any amplifier output can be shorted to ground indefinitely. However, if more than Ou 2E E] Outs
one amplifier output is shorted simultaneously, maximum junction temperature
rating may be exceeded. (Top View)
ORDERING INFORMATION
Operating
Device | Function | Temperature Range Package
LF351D | Single 50-8
LF351N | Single Plastic DIP
LF353D Dual e o 50-8
LFI5IN | Dual | ATORITOC | o eI
LF347BN| Quad Plastic DIP
LF347N Quad Plastic DIP

© Motorola, inc. 1996 Rev 0



LF347, B LF351 LF353

ELECTRICAL CHARACTERISTICS (Vo =+15 VEg =—15V, TA = 25°C, unless otherwise noted.)

LF347B LF347, LF351, LF353
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg s 10k, Vo = 0) Vio mV
Ta = +25°C - 1.0 5.0 - 50 10
0°C s Ta $+70°C - - 8.0 - — 13
Avg. Temperature Coefficient of Input Offset Voltage | AV|o/AT pvieC
Rg <10k, 0°C < Tp <+70°C - 10 - - 10 -
Input Offset Current (Vo = 0, Note 3) lio
Tp = +25°C - 25 100 - 25 100 pA
0°C £ Ta £ +70°C - - 40 - - 4.0 nA
Input Bias Current (Vo = 0, Note 3) B
Ta = +25°C - 50 200 - 50 200 pA
0°C < Ta s +70°C - - 8.0 - - 8.0 nA
Input Resistance f - 1012 - - 1012 -
Commaon Mode Input Voitage Range ViCcR 11 +15 - +11 +15 - \4
~12 -12
Large—Signal Voitage Gain (Vg =+10V, R = 2.0 k} AyoL Vimv
Ta = +25°C 50 100 - 25 100 -
0°C <Ta $+70°C 25 - - 15 - -
Qutput Voltage Swing (R = 10 k) Vo +12 +14 - +12 +14 - \
Common Mode Rejection {(Rg < 10 k) CMR 80 100 - 70 100 - dB
Supply Voltage Rejection (Rg < 10 k) PSRR 80 100 - 70 100 - dB
Supply Current ‘D mA
LF347 - 7.2 1 - 7.2 11
LF351 - - - - 1.8 34
LF353 - - - - 3.6 6.5
Short Circuit Current Isc - 25 — - 25 - mA
Slew Rate (Ay = +1) SR - 13 — - 13 - Vius
Gain—Bandwidth Product BWp - 40 — - 4.0 - MHz
Equivalent input Noise Voitage en - 24 - - 24 - nvHz
(Rg = 100 , f= 1000 Hz)
Equivatent Input Noise Current (f = 1000 Hz) in - 0.01 - - 0.01 - pA/VHz
Channel Separation (LF347, LF353) - - -120 - - -120 -~ dB
1.0 Hz < f < 20 kHz (Input Referred)

For Typical Characteristic Performance Curves, refer to MC34001, 34002, 24004 data sheet.

NOTE: 3.inputbias currents of JFET input op amps approximately double for every 10°C rise in junction temperature. To maintain junction temperatures as
close to ambient as is possible, pulse techniques are utilized during test.

2 MOTOROLA ANALOG IC DEVICE DATA



LF347, B LF351 LF353

OUTLINE DIMENSIONS
N SUFFiX
PLASTIC PACKAGE
CASE 626-05
ISSUE K
) 5
D _B- NOTES:
? 1, DIMENSION L TO CENTER OF LEAD WHEN
O . FORMED PARALLEL.
) J 2. PACKAGE CONTOUR OPTIONAL {ROUND OR
bJ ‘-u-' lu-' '-II SQUARE CORNERS).
3. DIMENSIONING AND TOLERANGING PER ANS1
——I F{*- Y14.5M, 1962,
MILLIMETERS | INCHES
NOTE 2 -A) | DM ] MIN | MAX | WIN | WAX
L A 9¢0 | 1016 0370 | 0400
B 610 | 660 0240 | 0260
\ i / \ C | 394 | 4450155 | 0175
© | 038 | 051 0015 | 0020
| c F | 1021 178 ] 0040 | 0070
J G | 254B5C 0.100BSC
N\ 4 J H] o6 ] 127 [ 00%0 | 0050
} J | o020 | 030 { ooos |00tz
N v K| 202 343 {0115 | 0.135
L 76285 0.300 BSC
—-“-—D Lk L W] — 1 1] — 109
G N{ or6f 1011 oo | 0040
[®]@o30005@] ]2 B8 @)
D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(SO-8)
ISSUE R
NOTES:
@_1“ D —= 1. DIMENSIQNING AND TOLERANCING PER ASME
Y14.5M, 1954,
ﬂ ﬁ ﬁ m 2. DIMENSIQNS ARE IN MILLIMETERS.
3, DIMENSION D AND £ DO NQT INGLUDE MOLD

SEATING

L
S, TEe

[@]02s ®ic[s ®]AG]

?- I ‘_L hx45° @
B gl

PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.

. DIMENSION B DOES NOT iNCLUDE MOLD
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
OF THE B DIMENSICN AT MAXIMUM MATERIAL

[T

CONDITION,
MILLIMETERS
| D] MIN_ | MAX
Al 135 | 115
AT 090 | 025
B[ 035 | 049
c| om| 025]
D | 480 | 500
E | 380 | 4.00
e 12785¢ |
H | 580] 620
h | 025 | 050
L| o4 | 125
[ a° | _71°

MOTOROLA ANALOG IC DEVICE DATA




LF347, B LF351 LF353

OUTLINE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUE L
NOTES:
1. LEADS WITHIN 0.13 (0.00§) RADIUS OF TRUE
AR AR POSITION AT SEATIPEIG PL)\NE AT MAXIMUM
1 ] MATERIAL CONDITION.

. DIMENSION L TO CENTER OF LEADS WHEN

B FORMED PARALLEL.
O I 3. DIMENSION B DOES NOT INGLUDE MOLD

~

FLASH,
. ROUNDED CORNERS OPTIONAL.

L INCHES MILLIMETERS
I MIN | wAX | WIN | Max
0715 | 0.770 | 18.16 | 19.56
0240 | 0280 [ 810 | 660
0145 | 0185 | 369 | 469
0m5 o021 | 038} 053
0.040 [ 0070 | 102 | 178
0.100 BSC 2.54 BSC
0052 ] 0095 | 132 ] 241
0008 | 0015 | 020 ] 038
0115 | 0135 | 202 | 343
0.300 BSC 162 BSC
0° [ 1° 0°] e
005 | 0039 | 039 [ 101

-

i
f
I
|

_¥

_N—

JL sEATNG | o
PLANE
H G D M

et
-

z:r-:c.zm'nuoﬂ)|%

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any fiability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motoroia
datasheets and/or specifications can and do vary in different applications and actual performance may vary overtime. Altoperating parameters, including “Typicals™
must be validated for each customer application by customer’s technical experts. Motorola does not convey any licanse under its patent rights nor the rights of
others. Motorola products ara not designed, intended, or authorized for use as components in systems intanded for surgical implant into the bady, or other
applications intended to support of sustain life, or for any other application in which the failure of the Motorola product could create a situation where personal injury
or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

@ MOTOROLA

How to reach us:

USA/EUROPE/Locatlons Not Listed: Motoroia Literature Distribution; JAPAN: Nippon Motorola Ltd; Tatsumi-SPD-JLDC, 6F Seibu—Butsuryu—Center,
P.O. Bax 20912; Phoenix, Arizona B5036. 1-800—441-2447 or 602-303-5454 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAXO0@email sps.mot.com — TOUCHTONE 602-244-6609 ASILA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,
INTERNET: htip://Design—NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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‘5 TeEXAS
INSTRUMENTS

Data sheel acquired from Harris Serniconductor
SCHS023D - Revised April 2005

CMOS Dual
‘D’-Type Flip-Flop

High-Vohage Types (20-Volt Rating)

8 CD40138 consists of two identical,
independent data-type flip-flops. Each flip-
flop. has independent data, set, reset, and
clack inputs and Q and Q outputs, These de-
vices can be usad for shitt_register applica-
tions, and, by connecting Q cutput to the
data input, for counter and toggle applica-
tions. The logic fevel present at the D input
is ransferred to the Q cutput during the
positive-going transition of the clock pulse.
Setting or resetting is independent of the
clock and is accomplished by a high levet on
the set or raset line, respectively.

The CD4013B types are supplied in 14-lead
hermetic dual-in-lina ceramic packages
(F3A suffix), 14-lead dual-in-line plastic
packages (E suffix}, 14dead small-outline
packages (M, MT, M96, and NSR suffixes),
and 14dead thin shrink small-outline
packages (PW and PWR suffixes).

RECOMMENDED OPERATING CONDITIONS

CD4013B Types

Features:

= Set-Reset capability

B Static flip-flop operation — retasing state
indefinitely with cdlock level either
“high"’ or “low” .

Madium-spesd operation — 16 MHz {typ.)
clock toggle rats at 10V

= Standerdized symmaetrical output
characteristics

® 100% tested for quiescent current at 20 V

® Maximum input currentof 1 A at 1BV
over full packsgs tempsraturs rangs;
100 nA at 13 V and 26°C
® Noise margin {owsr full package
temperature range): 1V atVpp s vV
2V Vpp=10V
25Vatvpp=16V
8 5.V, 10-V; and 15-V parametric ratings

= Mests all requi ts of JEDEC Tentative

Standard No. 138, “Standard Specitications
for Description of ‘B’ Series CMOS Devices”’

Appiicatians;
B Regitters, counters, control circuits

At T4 = 25°C, Except a3 Noted. For maximum reliability, nominsl operating condy.
tions should be sefected so that operation is afways within the followsng ranges:

CD40139

- TO-SOUACE V0L TAGE Cvpai—V

LIS ERER T

Fig - Typical output ow (sink)
current charscteristics.

N vy sauem
Fig 2 — Minimum outpur low fsink)
current characevistics.

Ol - TO- SOUNCE VOLTABE (Vpg) —V

v MIT
CHARACTERISTIC (3? u s UNITS
MIN. MAX.
Supply-Voltage Range
{For T o = Full Package - 3 18 v
Temperature Range)
5 40 - .
Data Satup Time g 10 20 - ns
15 15 -
5 140 -
Clock Pulse Width Y 10 680 - ns
15 40 -
5 35
Clock Input Frequancy fo 10 de 8 MHz
15 12
5 - 15
Clock Rise or Fall Time 10 10
1,CL, 1CL - s
15 - 5
5 180 —
Sott\c: Resat Puise Width 10 80 _ s
15 50 -

*1f more than one unit is cascaded in a parallgl clocked operation, t,CL should be made tess than or squal 10
the sum of the fixed propagation delsy tima at 15 pF and the transition tima of the cutput driving stage for

the pstimated copacitive load,

B

LY L8
Fig. 3 — Typical output high [source)
current characteristics

Copyright & 2005, Texas Instrumants Incorporated



CD4013B Types

ORAHE=TO~ SOUACT VOLTABE {vnp)—¥
o 1

STATIC ELECTRICAL CHARACTERISTICS

i
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C)  {uNITS
TERISTIC
Vo Vin [ Vob +28
V) | (V)] W] 55 | —a0 | +88 | +125 [Min, | Typ. | Mex,
Quiescent — 0.5 5 1 1 30 30 - 0.02 1
Device — 0,10F 10 2 2 60 80 - 0.02 2 A
Current —Jo0i5{ 5| 4 | 4 |120[126] — o032 ] & |*
IDD Max. - 0,20 20 20 20 | 800 | 600 — 0.04 20
Qutput Low arci-eestisg
{Sink] 0.4 0.5 5 0.64 [0.61 | 042 038 | 051 1 - Fig 4 — Minimum output high source)
Current, 05 jo10] 10 16 [15 [1a Jo9 [ 13 ] 26 - current charsceristice
Iy Min. 15 3,15 15 4.2 4 28 24 34 6.8 - A
Gutput thgh |_4.6 | 0.5 ] 5 | —0.64]-061] 0.42]-036f051 —1 | - |
(Source) 25 0.5 5 -2 |-18 | ~13 [~-1.158) 16| -3.2 —
Current, 95 010] 0§ -16]{-15|~1.1|~09]|-13] -26 —
lgH Min. 1356 0,_15 15 421 4 |-28|-24}-34] 6.8 -
Output Volt-
age: - 0,5 5 0.05 - i) 0.05
Low-Level. - 0,16] 10 0.05 - 0 0.05
v . - 0,15{ 15 0.05 - 0 0.06
oL Max v
Output Volt-
age: - 0.5 5 4.95 4.95 5 -
High-Level, | — | 0,10] 10 995 9851 10 | -
Vou Min, — 0,151 156 14.95 14.95 15 - LOAD CAPMCITANCE IC, 1—3f
WCE-ETIN
Input Low 10545 | - | 5 15 = - 115 Fig 5 — Typical propegation delzy time ws. loed
Voltage, 1.9 - 10 3 — — 3 capocitance [CLOCK or SET ta Q.CLOCK
ViLMax. [16135] — | 15 4 - | - <], or RESET ra D).
Input High (0545 - 5 35 35 - -
Voltage, 1.9 — 10 7 7 — -
V(R Min. 15,1351 - 15 1 n — -
Input
Current, - o8] 18 | 01 |01} 21 | 11 ~ |x10-%|20.1 | naA
N Max.
T Tall?
e bR 3 0 O
i.“m“T - — 5 T : : : : CAD CAPACITANCE (G, )—pF R
R ECREEE A § (A Fig. 6 — Typica! propagstion delsy time w. load
*sim x0T copecitance [SET ro T or RESET to Q.
DATR LI S A . .'
l 1 ) ' 1 1
T LOGIE O LW
LOGIC 1= el
& . LV, CHANGE
N+ DON'T CAR
BT R
1o Qium
ST
™ @ SUFFLRED wrw_a_s
- —[>D-—Do—o 20l
:ung—-Do—LDo—i— r
o—4
¥aL iIPUTS ARE 2
|4C}"Vm PROTECTED 8T
TO-wyy Pricteriingig

L ks . Ll

Flg. "= Logic disgram and truth tabla for CD40138 ¥ - &
’ - s . JUPPLY VOLTAGE tVpg!—V s MM
fone of two identice! llig-'1ops). Fig 8 Typicst . ‘ . oy

supply voltage,



CD40138B Typeas

MAXIMUM RATINGS, Absolute-Mazimum Values:
DC SUPPLY-VOLTAGE RANGE, (Vpp)
Voltages referanced to Vg Terminal] ... ....cooiiiiiiiiniianieariiiiieiiiisssiiinii s -0.5V to +20V
INPUT VOLTAGE RANGE, ALL INPUTS ... ~05VioVpp +0.5V
DCINPUT CURRENT, ANY ONE INPUT L. ittt iire v i aniaee e crenevranacanrarernnes £10mA
POWER DISSIPATION PER PACKAGE {Pp):
ForTam=-550C I F1000C L\ ouuit e iiiaieisartatiiann i areaaeinieiaoarenesnnnennnsanuennns S00mW
ForTam +1009CHI0+125%C . ciiiiiiniiiiiiisinniiiraineaeans Dorale Linaarity at 12mW/9C to 200mW AMPUNT TEMPERATURE [Ty Je28°C
DEVICE DISSIPATION PER OUTPUT TRANGISTOR INPUT Te<!1Z0re
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE {All Packags Types) ... .......... .......... 100mw Y o o how
OPERATING-TEMPERATURE RANGE {TA). ..t nvereeneiunnneneriannnnrocanans s ~550C 10 +1259C i —m e
STORAGE TEMPERATURE RANGE [Tgpoh. . ceauencneineninieniine et nnncinaenae s -859C 10 +150°C Loond ool v L
LEAD TEMPERATURE (DURING SOLDERING) St vesl 2 e uL.a 0 ":n“ XY
Al SIstanca 1/18 £ 1/32inch (1,59 2 0.79mm) from case for TOS MAX ... 0vuvivvniccncracnrnnnrnnes +2059C MPUT FREQUENCY i) —Hy
noa-men
Fig 9 — Typicsi power dissipation
va. frequency.
TEST CIRCUITS
DYNAMIC ELECTRICAL CHARACTERISTICS
At Ta = 25°C; input t.1: = 20 ns, CL = 50 pF, AL = 20 k() Yoo
ITEST CONDITIONS LIMITS “wo e r
CHARACTERISTIC — UNITS A
Yoo (V) MIN. | TYP. MAX. » Vs
Propagstion Delay Time: 5 T — 150 300 o E
Clock to Q or G Outputs 10 - 85 130 ne
toin, teun 15 —_ 485 80
5 - 150 300
Set to Q or Reset to Q ten 10 - a5 130 ne .
15 i ‘5 m PUCY A
_ ] - 200 400 . 10 .
Set to Q or Reset 10 Q tmu 10 - a5 170 na % - cent deview currear.
15 - 80 120
5 — | 166 | 200
Transition Time tva, tnw 10 — 50 100 ns
.15 — 40 80 Veo
Maximum Clock Input 5 as | 7 — 4
Fraquency® i, 10 8 16 - MHz meurs QreuTs
v
5 - 70 140 - - - - ?
Minimum Clock Pulse Width 10 — 30 80 ns e ™ ore:
I 18 — [ 20 | 4 S, Smmeen
Minimum Set or Reset Pulse § - 90 180 : Yoo BR e
Width tw 7 10 B 40 m~ ns 2263- rracOm
15 - - 26 .80 : Fig. 11 — input voleage.
5 — 20 40
Minimum Data Setup Time i 10 — 10 20 ns
15 — 7 15
5 - 2 5 ;W
Minimum Data Hold Time by 10 — 2 ) ns Whurs |
15 — 2 s Yoo -] o™
H :>.. M ATUNE PePuTS
Clock Input Rise or Fall Time 5 - —_ 15 . p ;“_‘:‘;’:‘;ﬂu
-
tCL. «CL 10 — —_ 10 us %‘,‘u‘l‘#_‘?_‘n
15 - - 5 IR
w
Input Capacitance Cw Any input — 5 7.5 pF = wcaerrans
#*Input .t = 5 ns. Fig. 12 = Input current.
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PACKAGING INFORMATION

Orderable Device Status " Package Package Pins Package EcoPlan @ | gad/Ball Finish MSL Peak Temp
Type Drawing Qty
89267AKB3T OBSOLETE CFP WR 14 TBD Cail TI Call Ti
CD4013BE ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU  Level-NC-NC-NC
{RoHS)
CD4013BEE4 ACTIVE PDIP N 14 25 Pb-Free CUNIPDAU  Level-NC-NC-NC
{RoHS)
CD4013BF ACTIVE CDIP J 14 1 TBD Call Tl Level-NC-NC-NC
CD4013BF3A ACTIVE CDIP J 14 1 T8D Call Tl Leval-NC-NC-NC
CD4013BK3 OBSOLETE CFP WR 14 TBD Cali Tl Call T
CD4013BM ACTIVE SOIC D 14 50 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
CD4013BM396 ACTIVE SoIC D 14 2500 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
CD4013BM96E4 ACTIVE SOIC D 14 2500 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
CD4013BME4 ACTIVE SoIC D 14 50 Green (RoHS & CUNIPDAU Levei-1-260C-UNLIM
no Sb/Br)
CD4313BMT ACTIVE SoIC D 14 250 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sbi/Br)
CD4013BMTE4 ACTIVE SOIC D 14 250 Green (RoHS & CUNIPDAU  Level-1-260C-UNLIM
no Sb/Br)
CD4013BNSR ACTIVE SO NS 14 2000 Green (RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sh/Br)
CD4013BNSRE4 ACTIVE SO NS 14 2000 Green(RoHS & CUNIPDAU Level-1-260C-UNLIM
no Sb/Br)
CD4013BPW ACTIVE TSSOP PW 14 90 Green (RoOHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
CD4013BPWE4 ACTIVE TSSOP PW 14 90 Green(RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
CD40138PWG4 ACTIVE TSSOP PW 14 93 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sh/Br)
CD4013BPWR ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
CD4013BPWRE4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)
CD4013BPWRGA4 ACTIVE TSSOP PW 14 2000 Green (RoHS & CU NIPDAU  Level-1-260C-UNLIM
no Sb/Br)
JM38510/05151BCA ACTIVE CDiP J 14 1 TBD Call Tl Level-NC-NC-NC

"} The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but T{ does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: T! has discontinued the production of the device.

' Eco Plan - The planned ecofriendly classification: Pb-Free (RoHS) or Green (RoHS & no Sb/Br) - please check
http:/iwww.ti.com/productcontent for the fatest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free” mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materiais. Where designed to be soldered

Addendum-Page 1
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at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Green (RoHS & no SbiBr): Tl defines "Green” to mean Pb-Free {RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material}

) MSL, Peak Temp. ~ The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Ti bases its knowledge and beiief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. T! has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

in no event shall Ti's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 2



J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

oM NS 21 4 16 18 20

B 0.300 0.300 0.300 0.300

(762 | (762) | (762) | (7.62)

" ; Bsc_ | esc_| Bsc | ssc

ATATAIANATATA 8 MAX 0.785 | .84c | 0.960 | 1.060

T (19.94) | (21,34) | (24.38) | (26.92)

) c B MN — | — | — | —

l 0300 | 0300 | o310 | 0300

SIVIVAVIVIVES! C MAX (7.62) | (7.62) | (7.87) | (7.62)
1 7

0.245 | 0.245 | 0220 | 0.245

~.! ggig (:-ff) C M 6.22) | (6,22) | (559 | (6.22)

0.060 {1,52)

—» |4— 0.005 (0,13) MIN 0.015 (0,38 IE
|
T

1 0.200 (5,08} MAX
- ¢ Seating Plane

T 0.130 (3,30) MiN

_,| I‘; 026 (0,66) |
0.014 (0,36) 0-15°
[0.100 (2.54)] 0.014 (0,36)
0.008 (0.20)

4040083 /F 03/03

NOTES:  A. All linear dimensions ore in inches {millimeters).
B. This drawing is subject to change without notice.
C. This package is hermetically sedled with o ceramic lid using gloss frit.
D. Index point is provided on cop for terminol identification only on press ceromic glass frit secl only.

E. Folls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1~T18 and GDIP1-T20.



MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—-IN~LINE PACKAGE
16 PINS SHOWN
PINS **
A
- 14 16 18 20
N y 0.775 | 0775 | 0.920 | 1.060
e e ot ACMAX 1 (19,69) | (19,69) | (23,37) | (26,92)
0.260 (6,60) 0.745 | 0.745 | 0.850 | 0.940
D 0.240 (6.10) A MN (18,92) | (18,92) | (21,59) | (23,88)
MS—001
A RN & VARIATION AA BB AC AD

4] L_ 0.070 (1,78
0.045 %1,14) A
0.045 (1.14) 0.325 (8,26
> r 0.030 (0,76) TN 0.020 (0,51) MIN 0.300 57,52;

| R F

0.200 (5,08} MAX = —rGouge Plane
+ ¥ l Seating Plane l_]

T 0.125 {3,18) MIN 0.010 (0,25) NOM

A’l 0.430 (10,92} MAX |<—

r-—""‘--

._._..__
—_

0.021 (0,53)
0015 (0,38

[€10.010 (0.25) W] /

\--/ ]4/15 Pin Only ) &

20 Pin vendor option

4040049/E  12/2002

NOTES:  A. All lineor dimensions are in inches (millimeters).
B. This drawing is subject to change withaut notice.

A\ Falis within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
A\ The 20 pin end lead shautder width is o vendor option, either half or full width.
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MECHANICAL DATA

D (R-PDS0-G14) PLASTIC SMALL-OUTLINE PACKAGE

0.344 (8,75)
0.337 (8,55)

Iﬁwmﬂﬁﬁ T i

0.228 (5,80)
. < ~\§<-' —————- 0.157 (4,00)
\\\Si 0.150 (3,80)
f‘S'/eo L—»Lm »I LZ 03
ndex [0.050 (1.27)] 0012 (0.31)

0.010 ( 025)@

A\
jpimininimininiy /| m —
—{0010025)

— 0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25)
0.007 (o,n)—l
i
* [0.004 {0,10)]
Gauge Plane —L -

0.010 (0.25) 08

g

/ Seating Plane

0.050 (1.27)
0.016 (0,40)

4040047-3/F 07/2004

NOTES:  A. Al linear dimensions are in inches {millimeters).

B. This drawing is subject ta change withaut notice.

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15).
D

. Falls within JEDEC MS—-012 vorigtion AB.
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MECHANICAL DATA

NS (R-PDSO-G™) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

0,51

v
IHARAHR T

0,15 NOM
500 740 [
l Gage Plane i

O
JobbbbL

A 0,55

oo e (G
v Seating Plane
~—

L 2,00 MAX T
PINS #»
DM 14 16 20 24
A MAX 10,50 10,50 12,90 15,30
A MIN 9,90 9,90 12,30 14,70

4040062/C 03/03

NOTES:  A.  All linear dimensions ore in millimeters.
B. This drawing is subject to change without naotice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999

PW (R-PDSO-G**}
14 PINS SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

T 0,15 NOM
4,50

6.60 !
4,30 ,20

i

Gage Plane &

LR

—— A —p

LTI -

Lm0

PINS 8 14 16 20 24 28

DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 17,70 9,60

4040064/F 01/97

NOTES: A.

oow

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Body dimensions do not include maold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-153
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries {T1) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers shoutd obtain the latest relevant information hefore placing
orders and should verify that such information is current and complete. All products are sold subject to TI's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with Ti's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which T1 products or services are used. Information published by Tl regarding third-party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of Ti.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.li.com/automotive

DspP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www. ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas instruments

Post Office Box 655303 Dallas, Texas 75265
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TECHNOLOGY  standalone Linear NiMH/NICd

FEATURES

= Complete Fast Charger Controller for Single,

2-, 3- or 4-Series Cell NiIMH/NiCd Batteries

No Firmware or Microcontrolier Required
Termination by AV, Maximum Voltage or
Maximum Time

No Sense Resistor or Blocking Diode Required
Automatic Recharge Keeps Batteries Charged
Programmable Fast Charge Current: 0.4A to 2A
Accurate Charge Current: +5% at 2A

Fast Charge Current Programmable Beyond 2A with
External Sense Resistor

Automatic Detection of Battery

Precharge for Heavily Discharged Batteries

Optional Temperature Qualified Charging

Charge and AC Present Status Outputs Can Drive LED
Automatic Steep Mode with Input Supply Removal
Negligible Battery Drain in Sleep Mode: <1pA
Manual Shutdown

Input Supply Range; 4.5V to 10V

Available in 16-Lead DFN and TSSOP Packages

APPLICATIONS

Portable Computers, Cellular Phones and PDAs
Medical Equipment

Charging Docks and Cradles

Portable Consumer Electronics

Fast Battery Charger

DESCRIPTION

The LTC®4060is acomplete fastcharging system for NiMH
or NiCd batteries. Just a few external components are
needed to design a standalone linear charging system.

An external PNP transistor provides charge current that is
user programmablewitharesistor. A small external capaci-
tor sets the maximum charge time. No external current
sense resistoris needed, and no blocking diode s required.

The IC automatically senses the DC input supply and bat-
tery insertion or removal. Heavily discharged batteries are
initially charged ata C/5 rate before afastchargeis applied.
Fastchargeisterminated usingthe —AV detection method.
Backup termination consists of a programmable timerand
battery overvoltage detector. An optional external NTC ther-
mistor can be used for temperature-based qualification of
charging. An optional programmable recharge feature au-
tomatically recharges batteries after discharge.

Manual shutdownisaccomplished with the SHDN pin, while
removing input power automatically puts the LTC4060into
sleep mode. During shutdown or sieep mode, battery drain
is <1pA.

The LTC4060 is availabte in both low profile (0.75mm) 16-
pin 5mm x 3mm DFN and 16-lead TSSOP packages. Both
feature exposed metal die mount pads for optimum ther-
mal performance.

LT LTC and LT are registered trademarks of Linear Technology Corporatior.

TYPICAL APPLICATION

2-CeH, 2A Standalone NiMH Fast Charger with
Optional Thermistor and Charge Indicator

2-Cell NiMH Charging Profile

340

v.,,; sV _AV ////'
i { TEAMINATION
s 3300 =
2 0 veo &3
“crancer W P SHON . -ACP f— g
CHRG  SENSE s 7
NTC  DRIVE x
LTC4060 E 320
SINTC PROG  DAT  NiMH 2 / -
> 6980 & {ancT  TIMER __I_ i BATTERY
— = L SELC . CHEM =
- - 1.5nfF
310
I SEL1 GN;AUSE 4_ | 0 10 20 330 4 50 &0
= T = = e CHARGE TIME (MINUTES}
= o
40601
T ——— |
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LTC4060

ABRSOLUTE MAXIMUM RATINGS
{Note 1)
Vec t0GND o ~0.3V1t0 11V Operating Ambient Temperature Range
Input Voltage (NOLE 2) oo -40°C to 85°C
SHDN, NTC, SELG, SEL1, PROG, ARCT, Operating Junction Temperature (Note 3) ........... 125°C
BAT, CHEM, TIMER, PAUSE ...... -0.3VtoVee + 0.3V Storage Temperature Range
Output Voltage TSSOP Package.............cco.occeneincence -65°C to 150°C
CHRG, ACP, DRIVE ................... -0.3Vto Vg + 0.3V DFN Package ...........ccccevverivrnnnnens -65°C to 125°C
Output Current (SENSE) ... ~-2.2A  Lead Temperature (Soldering, 10 sec)
Short-Circuit Duration (DRIVE) ......cc.occooeeeee. Indefinite TSSOP Package ...........ccocorermrererrereieereceeasenan, 300°C
PRCKAGE/ORDER INFORMATION
TOP VIEW ORDER PART TOP VIEW ORDER PART
e[ () g eno NUMBER pRNE [T] 71 anD NUMBER
i G o LTC4060EDHC oar (2} ====1 fi] G LTCAO6OEFE
SENSEf3 ] | : i14] vee SENSE [3] | bl vee
miven |47 | b i3] acp Tver [2f | . ! [3] ace
sonfsil U [ 77 cHem shon [5] | [ [12] crem
pavse 57 | | [T nte pause [&] | | [ wre
paos 7] | | o sew DHC PART Prog [T} --—-- [ig] seus FE PART
arcT [ ____ 1 ] seo MARKING anct [&] 9] sl MARKING
16-LEAD (5?:2315 ;;EHK)AEEASTIC DFN 4060 16-LEAD PLASTIC TSS0P 4060EFE
Tamax = 125°C, B4 = 37°CW Tomax = 125°C, 4 = 37°CW
EXPOSED PAD {PIN 17} 1S GND EXPOSED PAD (PiN 17) iS GND
MUST BE SOLDERED TO PCB TO OBTAIN MUST BE SOLDERED TQ PCB TQ OBTAIN
#,5 = 37°C/W OTHERWISE 8, = 140°C By = 37°CAW OTHERWISE 34 = 135°C

Consult LTC Marketing for parts specified with wider operating temperature ranges.

ELECTR |Cﬂl CHHB ﬂCTEﬂ'S“CS The e indicates specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vg = 5V, Vgay = 2.8V, GND = OV unless otherwise specified. All
currents into the device pins are positive and all currents out of the device pins are negative. All voltages are referenced to GND
unless otherwise specified.

SYMBOL [ PARAMETER | CONOITIONS MIN TYP MAX UNITS
Vec Supply
Vee Operating Voltage Range (Note 4) ®| 450 10 v
lec Vee Supply Current (Note 9) tprog = 2mMA (Rppog = 698Q), 2.9 43 mA
PAUSE = V¢e
lsp Ve Supply Shutdown Current SHDN = oV 250 325 A
lasp Battery Pin Leakage Current in Shutdown {Note 5 | Vgar = 2.8V, SHDN = OV -1 0 1 WA
lgsL Battery Pin Leakage Current in Sleep (Note 6) Veg =0V, Vpay = 5.6V -1 0 1 pA
Vuvit Undervoltage Lockout Exit Threshold SELO =0, SEL1 =0 and SELO = V¢, ®] 425 4.36 447 v
SEL1 =0, Vg Increasing
Vuvoi Undervoltage Lockout Entry Threshold SELD =0, SEL1 =0 and SELOD = V¢, e 415 4.26 437 ')
SEL1 = 0, Ve Decreasing
4060f
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_ LTC4060
GLGC"“C“L CH ﬂﬂ HCTGHISTICS The e indicates specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vg = 5V, Vgar = 2.8V, GND = 0V unless otherwise specified. All
currents into the device pins are positive and all currents out of the device pins are negative. All voltages are referenced to GND

unless otherwise specified.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vywiz Undervoltage Lockout Exit Threshold SELO = 0, SEL1 = Vg, Vg Increasing ® | 667 6.81 6.95 v
Ve Undervoltage Lockout Entry Thresheld SELO = 0, SEL1 = Vg, Vg Decreasing ® | 657 6.71 6.85 v
Voviz Undervoltage Lockout Exit Threshold SELO = Vg, SELT = Vg, Ve Increasing | @ | 8.28 8.47 8.65 v
Vuvos Undervoltage Lockout Entry Threshold SELO = Vg, SELT = Vg, Ve Decreasing | @ | 8.18 8.37 8.55 v
VuvH Undervoltage Lockout Hysteresis For All SELO, SEL1 Options 100 mV
Charging Performance
IrcH High Fast Charge Current (Notes 7, 10) Rprog = 698, 5V < Vo < 10V e 19 2 2.1 A
IrcL Low Fast Charge Current (Note 7) Rprog = 34809, 4.5V < Vo < 10V | 035 0.4 0.45 A
lpch High Precharge Current {Note 7) Rprog = 69822, 4.5V < Ve < 10V 320 400 480 mA
IpcL Low Precharge Current (Note 7) Rprog = 3480, 4.5V <« Vo < 10V 40 80 120 mA
IeRp Battery Removai Detection Bias Current 4.5V < Ve < 10V, Vgar = Voo - 0.4V ¢ | -450 -300 -160 WA
Ver Battery Removal Threshold Voitage (Note 8) Vegr Increasing, 4.5V < Voo < 10V e 195 2.05 215 )
VerH Battery Removal Thresho!d Hysteresis Voltage VgL Decreasing 50 mvy
(Note 8)
Veov Battery Overvoltage Threshold (Note 8} Veee, Increasing, 4.5V < Vg < 10V e | 185 1.95 2.05 v
VeovH Battery Overvoltage Threshold Hysteresis {Nate 8) | Vpey | Decreasing 50 mv
Veca Fast Charge Qualification Threshold Voltage Veewe Increasing, 4.5V < Vg < 10V 840 900 960 mV
{Note 8)
VEcan Fast Charge Qualification Threshold Hysteresis VeeLy Decreasing 50 mv
Voltage (Note 8)
Vior Initial Delay Hold-Off Threshold Voltage (Note 8} | Vgpp, Increasing, 4.5V < Vgg < 10V 1.24 1.3 1.36 v
VipTH Initial Delay Hold-Off Threshold Hysteresis Voitage | Vg | Decreasing 50 my
{Note 8)
Vimov —-AV Termination (Note 8) CHEM = V¢ (NiCd) | M 16 21 mV
CHEM = OV (NiMH) ° 5 8 14 mv
VeRog Program Pin Voltage 4.5V « Vg < 10V, Rpppg = 63522 o 145 1.5 1.54 v
and 3480Q
Vaat Automatic Recharge Programmed Threshold Veew Decreasing, Vager = 1.1V, o ! 1065 1.1 1.135 Vv
Voltage Accuracy {Note 8) 4.5V <V <10V
VarpT Automatic Recharge Defauit Threshold Voltage Veew, Decreasing, Vager = Vee, o 1235 1.3 1.365 )
Accuracy (Note 8) 4.5V < Vpgp < 10V
VarH Automatic Recharge Threshold Voltage Hysteresis | Vigg | Increasing 50 mv
(Note 8)
Varper | Automatic Recharge Pin Default Enable Threshold Veo Vee v
Voltage -08 -0.2
Varpis | Automatic Recharge Pin Disable Threshold 250 650 mV
Voltage
lagL Automatic Recharge Pin Pull-Down Current Vapgr= 1.3V ® | 015 1.5 pA
Voo NTC Pin Gold Threshold Voltage Vnre Decreasing, 4.5V < Vpp < 10V o | 083~ 0.86« 0.89+ v
Ve Voo Vee
VeioH NTC Pin Gold Threshold Hysteresis Voltage Vurg Increasing 150 mv
Vi NTC Pin Hot Charge Initiation Threshold Voltage | Vyyc Decreasing, 4.5V < Vee < 10V ® | 047~ 05 0.53 v
Veo Voo Voo
40601
B ]
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LTCA4060

ELGCTBICHL CHHBHCTER IST'CS The e indicates specifications which apply over the full operating

temperature range, otherwise specifications are al Ty = 25°C. Vg = 5V, Vpar = 2.8V, GND = OV unless otherwise specified. All
currents into the device pins are positive and all currents out of the device pins are negative. All voltages are referenced 1o GND

unless otherwise specified.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS

VHTH NTC Pin Hot Charge Initiation Hysteresis Voltage | Vyrc Increasing 100 mv

Vute NTC Pin Hot Charge Cutoff Threshold Voltage Vutc Decreasing, 4.5V < Ve < 10V 037 04e 043« v

Voo Ve Vee

VHreH NTGC Pin Hot Charge Cutoff Hysteresis Voltage Ve Increasing 100 my

Vnpis NTC Pin Disable Threshold Voltage 25 250 mv

Ine NTC Pin Pyil-Down Gurrent Vyre = 2.5V 0.15 1.5 pA

tace Timer Accuracy Rprog = 6989, Crimer = 1.2nF and -15 0 15 %

Rerog = 34809, Crymer = 470pF

Output Drivers

IpRv Drive Pin Sink Current Vorive = 4V 40 70 120 mA

Rory Drive Pin Resistance to Ve Vprive = 4V, Not Charging 4700

VoL ACP, CHRG Output Pins Low Voltage 1cr = Ighmg = 10mA 0.8 v

loH ACP, CHRG Output Pins High Leakage Current | Outputs Inactive, Vgnag = Vagp = Ve -2 2 pA

Controt inpuls

Vi SHDN, SELO, SEL1, CHEM, PAUSE Pins Digital Ve = 10V 350 650 mv
Input Threshold Voltage

Vi SHDN, SELO, SEL1, CHEM, PAUSE Pins Digital 50 my
Input Hysteresis Voltage

lipp m, SELO, SEL1, CHEM Pins Digital Input Ve =10V, Viy = Ve 0.4 2 pA
Pull-Down Current

bpy PAUSE Pin Digital Input Pull-Up Current Viy =GND -2 -0.4 pA

Note 1: Absolute Maximum Ratings only indicate limits for survivability.
Operating the device beyond these limits may result in permanent damage.
Continuous or extended application of these maximum levels may
adversely affect device reliability.
Note 2: The LTC4060 is guaranteed to meet performance specifications
from 0°C to 70°C ambient temperature range and 0°C to 85°C junction
temperature range. Specifications over the -40°C to 85°C operating
ambient temperature range are assured by design, characterization and
correlation with statistical process controls.
Note 3: This IC includes overtemperature protection that is intended to
protect the device during momentary overload conditions. Overtempera-
ture protection is activated at a temperature of approximately 145°C,
which is above the specified maximum operating junction temperature.
Continuous operation above the specified maximum operation temperature
may result in device degradation or failure. Operating junction temperature
T, (in °C) is calculated from the ambient temperature T, and the average
power dissipation Pp (in watts) by the formula:

Ty=Ta+8,a*Pp
Note 4: Short duration drops below the minimum Ve specification of
several microseconds or less are ignored by the undervoltage detection
circuit.

Note 5: Assumes that the external PNP pass transistor has negligibie B-C
reverse leakage current when the collector is biased at 2.8V {(Vgar for two
charged cells in series) and the base is biased at V¢,

Note 6: Assumes that the external PNP pass transistor has negligible B-E
reverse leakage current when the emitter is biased at OV (Vc) and the
base is biased at 5.6V (Vgar for four charged cells in series).

Note 7: The charge current specified is the requlated current through the
internal current sense resistor that flows into the external PNP pass
transistor’s emitter. Actual battery charging current is slightly less and
depends upon PNP alpha.

Note 8: Given as a per cell voltage (Vgay/Number of Cells).

Nole 9: Supply current includes the current programming resistor current
of 2mA. The charger is paused and not charging the battery.

Note 10: The minimum Vg supply is set at 5V during this test to
compensate for voltage drops due to test socket contact resistance and 2A
of current. This ensures that the supply voltage delivered to the device
under test does not fali below the UVLO entry threshold. Specification at
the minimum Vg of 4.5V is assured by design and characterization.

40601
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LTC4060

"
NiMH Battery Charging NiCd Battery Charging NiMH Battery Charging
Characteristics at 1C Rate Characteristics at 1C Rate Characteristics at C/2 Rate
1.7 17 1.60
0 Ta=25°C | i ‘ Ta=25°C Tp=25°C ]Q
) AV TERMINATION —]
—-aV TERMINATION —=H 155
—AV TERMINATION / :
=165 S 18 =
= v w150 -
g g / % //
g 2 g / 5 /
i o — 145 L
= o fre]
160 - 15 3 /
vl prd 140 |
1.55 14 1.35
0 10 20 30 40 50 €0 0 10 2 30 4 50 60 0 20 40 60 80 100 120 140
CHARGE TIME (MINUTES) CHARGE TIME (MINUTES) CHARGE TIME [MINUTES)
4050 601 4060 GO2 4080 603
NiCd Battery Gharging Igcy vs Temperature and lggr v Temperature and
Characteristics at C/2 Rate Supply Voltage Supply Valtage
1.65 2.010 402
160 ./\
2.005 401
< -AV TERMINATION /[ Vo = 10V Vg = 10V
51 55 / - A4 —
5 = 2.000 E 0 -
° / B LT e = 2 |~ Vgg = 4.5V
3 1.50 - / Voo = 4.5V i
] //
1.995 |2 399
1.45 d
140 1.9%0 398
0 20 40 60 80 100 120 140 S0 25 0 25 50 75 100 125 S50 25 0 25 50 75 100 125
CHARGE TIME (MINUTES) TEMPERATURE (°C) TEMPERATURE {°C)
ADS0 GO+ 40860 GOS 4080 GO6
lgrp vs Temperature and Vmpy vs Temperature and tacc vs Temperature and
Supply Vollage Supply Voltage Supply Voltage
-260 18 1.7
] 16 15 |5
Veg = 1OV NiCd 2
// v 14 45VsVeos 10V 10 R Yoo 10V
z v e g 1 = 05 [
"5 —300 7 // E S R‘. Vg = 4.5V
3z / Voo =4.5V = 10 NiMH g 0 S
/ 4.5V s Voo s 10V w ‘"‘-..,___
8 —~ 0.5 [ emmm Rpyag = 34800 e
—] PROG
/ B Cr:MeR = 470pF
/ 6 N0 e Rprog = 698Q
Crimen = 1.2nF
340 4 15
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
TEMPERATURE {°C) TEMPERATURE (°C) TEMPERATURE (°C)
060 GO7 4080 GOB 4000 Go9
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LTC4060

PIN FUNCTIONS

DRIVE (Pin 1): Base Drive Output for the External PNP
Pass Transistor. Provides a controlled sink current that
drives the base of the PNP. This pin has current limit
protection for the LTC4060.

BAT (Pin2): Battery Voltage Sense Input Pin. The LTC4060
uses the voltage on this pin to monitor battery voltage and
control the battery current during charging. An internal
resistor divider is connected to this pin which is discon-
nected when in shutdown or when no power is applied to
Vee.

SENSE (Pin 3): Charge Current Sense Node Input. Current
from V¢ passes through the internal current sense resis-
tor and reappears at the SENSE pin to supply currenttothe
external PNP emitter. The PNP collector provides charge
current directly to the battery.

TIMER (Pin4): Charge Timer Input. A capacitor connected
between TIMER and GND along with a resistor connected
from PROG to GND programs the charge cycle fiming
limits.

SHDN (Pin 5): Active Low Shutdown Control Logic Input.
When pulled low, charging stops and the LTC4060 supply
current is minimized.

PAUSE (Pin 6): Pause Enable Logic input. The charger can
be paused, turning off the charge current, disabling termi-
nation and stopping the timer when this pin is high. Alow
level will resume the charging process.

PROG {Pin 7): Charge Current Programming Input. Pro-
vides a virtual reference of 1.5V for an external resistor
(Rprog) tied between this pin and GND that programs the
battery charge current. The fast charge current will be 930
times the currentthrough this resistor. This voltage is also
usable as system voltage reference.

ARCT (Pin 8): Autorecharge Threshold Programming
Input. When the average cell voltage falls below this
threshold, charging is reinitiated. The voltage on this pin
is conveniently derived by using two series PROG pin
resistors and connecting to their common. Connecting
ARCT to V¢ invokes a default threshold of 1.3V. Connect-
ing ARCT to GND inhibits autorecharge.

SELO, SEL1 (Pins 9, 10): Number of Cells Selection Logic
Input. For single cell, connect both pins to GND. For two
cells, connect SEL1 to GND and SELQ to Vg For three
cells, SEL1 connects to V¢ and SELO to GND. For four
cells, connect both pins to V.

NTC (Pin 11): Battery Temperature Input. An external NTC
thermistor network may be connected to NTC to provide
temperature-based charge qualification. Connecting NTC
to GND inhibits this function.

CHEM (Pin 12): Battery Chemistry Selection Logic Input.
When connected to a high level NiCd fast charge -AV
termination parameters are used. Alow level selects NiMH
parameters.

ACP (Pin 13): Open-Drain Power Supply Status Output.
When Vg is greater than the undervoltage lockout thresh-
old, the ACP pin will pull to ground. Otherwise the pin is
high impedance. This output is capable of driving an LED.

Ve (Pin 14): Power Input. This pin can be bypassed to
ground with a capacitance of 1uF.

CHRG (Pin 15): Open-Drain Charge Indicator Status Out-
put. The LTC4060 indicates it is providing charge to the
battery by driving this pin to GND. if charging is paused or
suspended due to abnormal battery temperature, the pin
remains pulled to GND. Otherwise the pin is high imped-
ance. This output can drive an LED.

GND (Pin 16): Ground. This pin provides a ground for the
internal voltage reference and other circuits. All voltage
thresholds are referenced to this pin.

Exposed Pad (Pin 17): Thermal Connection. Internally
connected to GND. Solder to PCB ground for optimum
thermal performance.

40601
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LTIC4000

OPERATION

The LTC4060 is a complete finear fast charging system for
NiMH or NiCd batteries. Operation can be understood by
referring to the Block Diagram, State Diagram (Figure 1)
and application circuit (Figure 2). While in the unpowered
sleep mode, the battery is disconnected from any internal
loading. The sleep mode is exited and the shutdown mode
is entered when Vg rises above the UVLO (Undervoltage
Lock Out) exitthreshold. The UVLO thresholds are depen-
dent upon the number of series cells programmed by the
SELOQ and SEL1 pins. When shutdown occurs the ACP pin
goes from a high to low impedance state. The shutdown
mode is exited and the charge qualification mode entered

SUPPLY
_G0oD
(ACP = D)
LOW OR NO

SUPPLY

VeeLr < AUTORECHARGE
THRESHOLD

AUTOMATIC
RECHARGE

—-AV TERMINATION

when ail of the following conditions are met: 1) there is no
manual shutdown command from SHDN, 2) the battery
overvoltage detector does not detect a battery overvolt-
age, 3) the battery removal detector detects a battery in
place, 4) pauseis inactive and 5) the |C’s junction tempera-
ture is normal. Once in the charge qualification mode the
thermistor interface monitors an optional thermistor net-
work to determine if the battery temperature is within
charging limits. If the temperature is found within limits
charging can begin. While charging, the CHRG pin pulls to
GND which can drive an LED.

MANUAL
SHUTDOWN
{SHON = 0}

BATTERY REMOVED.
BATTERY OVERVOLTAGE.
CHARGE PERIOD TIMED
OUT OR IC TOO HOT

ADEQUATE SUPPLY
AND CHARGER ENABLED

CHARGE
QUALIFICATICN

BATTERY PRESENT AND
TEMPERATURE GOOD
(OPTIONAL)

PRECHARGE
(IMax/5)

ADEQUATE VgL AND
TEMPERATURE GOQD
(DPTIONAL}

FAST CHARGE
(IMax)

Figure 1. LTC4060 Basic State Diagram
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OPERATION

The charge current is set with an exiernal current pro-
gramming resistor connected between the PROG pin and
GND. Inthe Block Diagram, amplifier A1 will cause a virtual
1.5V to appear on the PROG pin and thus, all of the pro-
gramming resistor’s currentwill flow throughthe N-channel
FET to the current divider. The current divider is controfled
by the charger state control logic to produce a voltage
across R1, appropriate either for precharge (1/5) or for fast
charge (1), depending on the cell voitage. The current di-
vider also produces a constant current lggg, that along
with an external capacitor tied to the TIMER pin, sets the
Oscillator’s clock frequency. During charging, the external
PNP transistor’s collectar wilt provide the battery charge
current. The PNP’s emitter current flows into the SENSE
pin and through the internal current sense resistor R2
(0.03Q). This current is slightly more than the collector
currentsinceitincludes the base current. Amplifier A2 and
the output driver will drive the base of the external PNP
through the DRIVE pinto force the same reference voltage
that appears across R1 to appear across the R2. The pre-
cision ratio between R1 and R2, along with the current
programming resistor, accurately determines the charge
current.

When charging begins, the charger state control logic will
enable precharge of the battery. When the cell voltage
exceeds the fast charge qualificationthreshold, fastcharge
begins. If the cell voltage exceeds the initial delay hold off
threshold voltage just prior to precharge, then the A/D
converter immediately monitors for a —AV event to
terminate charging while in fast charge. Otherwise, the
fast charge voltage stabilization hold off period must
expire before the A/D converter monitors for a—AV event
from which to terminate charging. The —AV magnitude for
termination is selected for either NiMH or NiCd by the
CHEM pin. Should the battery temperature becometoo hot
or too cold, charging will be suspended by the charger
state control logic until the temperature enters normal
limits. A termination timer puts the charger into shutdown
mode if the programmed time has expired. After charging
has ended, the optional autorecharge detector function
monitors for the battery voltage to drop to either a defauit
or externally programmed cell voltage bhefore automati-
cally restarting a charge cycle.

The SHDN pin can be used to return the charger to a
shutdown and reset state. The PAUSE pin can be used to
pause the charge current and internal clocks for any
interval desired.

Fault conditions, such as overheating of the IC due to
excessive PNP base current drive, are monitored and
limited by the 1C overtemperature detection and output
driver and current limit blocks.

When either Vge is removed or manual shutdown is
entered, the charger will draw only tiny leakage currents
from the battery, thus maximizing standby time. With V¢
removed, the external PNP’s base is connected to the
battery by the charger. In manuai shutdown, the base is
connected to Vg by the charger.

Undervoltage Lockout

An internal undervoltage lockout circuit (UVLO) monitors
the input voitage and keeps the charger in the inactive
sleep made until Ve rises above the undervoitage exit
threshold. The ACP pin is high impedance while in the
sleep mode and becomes low impedance to ground when
in the active mode. The threshold is dependent upon the
number of series cells selected by the SELO and SEL1 pins
(see Vyyi1-3 and Vyypi-3 in the Electrical Characteristics
table). The UVLO circuit has a built-inhysteresis of 100mV.
The threshalds are chosen to provide a minimum voltage
drop of approximately 600mV between minimum Vgcand
BAT at a battery cell voltage of 1.8V. This helps to protect
against excessive saturation in the external power PNP
when the supply voltage is near its minimum. While
inactive the LTC4060 reduces battery current to just a
negligible leakage current (lgg)).

Manual Shutdown Control

The LTC4060 can be forced into a fow quiescent current
shutdown while Ve is present by applying a low level to
the SHON pin. In manual shutdown, charging is inhibited,
the internal timer is reset and oscillator disabled, CHRG
status output is high impedance and ACP continues to
provide the correct status. The LTC4060 will draw low cur-
rent from the supply (Igp), and only a negligible leakage
current is applied to the battery (lggp). If a high level is
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applied to the SHDN pin, shutdown ends and charge quali-
fication is entered.

Charge Qualification

After exiting the sleep or shutdown modes the LTC4060
will check for the presence of a battery and for proper
battery temperature (ifa thermistor is used) before initiat-
ing charging.

When Ve (Vear/Number of Cells) is below 2.05V (Vgg),
a battery is assumed to be present. Should Vgg rise
above 1.95V (Vggy) for a time greater than the battery
overvoltage event delay shown in the far right column of
Table 1, then a battery overvoltage condition is detected
and charging stops. Once stopped in this way, quaiifica-
tion can be reinitiated after Vgg has fallen below 1.9V
(Veov—Vaoyn) only by removing and replacing the battery
(or replacing the battery if the overvoltage condition is a
result of battery removal), toggling the SHDN pin low to
high or removing and reapplying power to the charger.

if the NTC pin voltage is above the temperature disable
threshold (Vypis). the LTC4060 verifies that the ther-
mistor temperature is between 5°C and 45°C. Charging
will not initiate until these temperature limits are met.

The LTC4060 continues to qualify important voltage and
temperature parameters during all charging states. if Ve
drops below the undervoltage fockout threshold, sleep
mode is entered.

Tabie 1. LTC4060 Time Limit Programming Examples

If the internal die temperature becomes excessive, charg-
ing stops and the pan enters the shutdown state. Once in
the shutdown state charge qualification can be reinitiated
only when the die temperature drops to normal and then
by removing and replacing the battery or toggling the
SHDN pin low to high or removing and reapplying power
to the charger.

Precharge

The state that is entered when qualified charging begins is
precharge. The CHRG status output is set low and remains
low during both precharge and fast charge. If the voltage
on VegLL is below the 900mV (Vegq) fast charge qualifica-
tion voltage, the LTG4060 charges using one-fifth the
maximum programmed charge current. The cell voitageis
continuously checked to determine when the battery is
ready to accept a fast charge. Until this voltage reaches
Veca, the LTC4060 remains in precharge.

If an external thermistor indicates that the sensed tem-
perature is beyond a range of 5°C to 45°C charging is
suspended, the charge timer is paused and the CHRG
status output remains low. Normal charging resumes
from the previous state when the sensed temperature
rises above 5°C or falls below 45°C.

Fast Charge

When the average cell voltage exceeds Vecq, the LTC4060
transitions from the precharge to the fast charge stateand

TYPICAL |  BATTERY | CHARGE | BATTERY |AUTOMATIC
FAST VOLTAGE TIME | VOLTAGE | RECHARGE UVLO EXIT, BATTERY
FAST CHARGE | STABILIZATION | LIMIT | SAMPLING | ENTRY | INSERTION/REMOVAL/OVERVOLTAGE,
CHARGE RATE HOLD OFF | (yax) | INTERVAL | DELAY FAST CHARGE ENTRY AND
CURRENT | Rprog | Crimen (© {MINUTES) | (HOURS) | (SECONDS) | (SECONDS) | THERMISTOR EVENT DELAYS (ms)
24 698Q | Inf 15 461057 11 15 1510 31 175 to 260
24 698Q | 15nF 1 6.9t08.4 16 23 2310 46 260 to 390
2A 698Q | 18nF 0.75 8410103 2 28 28t0 56 320 to 480
24 698Q | 2.7nF 05 12610154 3 42 4210 84 480 to 720
400mA | 3480 | 180pF 15 42105.2 1 14 1410 28 160 to 240
400mA | 3480Q | 270pF 1 6.3t07.7 15 21 2110 42 240 1o 360
400mA | 3480 | 390pF 0.75 8.9t 11 21 30 3010 60 340 to 510
400mA | 3480Q | 560pF 0.5 12.61015.4 3 42 4210 84 480 to 720
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charging begins at the maximum current set by the
external programming resistor connected between the
PROG pin and GND.

If an external thermistor indicates sensed temperature is
beyond a range of 5°C to 55°C charging is suspended, the
charge timer is paused and the CHRG status output
remains low. Normai charging resumes from the previous
state when the sensed temperature rises above 5°C orfalls
below 45°C. Voltage-based termination (-AV) is then
reset and immediately enabled. If voltage-based termina-
tion was imminent when the temperature limits were
exceeded, charge termination will occur.

Charge Termination

Once fast charge begins and after an initial battery voltage
stabilization hold-off period shown in Table 1, voltage-
based termination (—AV) is enabled. This period is used to
prevent falsely terminating on a—AV event that can occur
almost immediately after initiating charging on some
heavily discharged or stored batteries. However, if Vogp
was measured to be above 1.3V (Vipr} immediately prior
to the precharge cycle, then a mostly charged battery is
assumed and voltage-based termination (-AV) is enabled
without delay.

An internal 1.5mV resolution A/D converter measures the
cell voltage after each battery voltage sampling interval
indicated in Table 1. The peak cell voitage is stored and
compared to the current cell voltage. When the cell voltage
has dropped by at least Vypy (magnitude selected by the
CHEM pin) from the peak for four consecutive battery
voltage sampling intervals, charging is terminated.

Back-up terminationisprovided by the charge time limiter,
whose time limit is indicated in Table 1, and by a battery
overvoltage detector. Cnce terminated by back-up termi-
nation, charge qualification can be reinitiated only by remov-
ing and replacing the battery or toggling the SHDN pin low
to high or removing and reapplying power to the charger.

Automatic Recharge

Once charging is complete, the optional programmable
automatic recharge state can be entered. This state, if

enabled, will automatically restart the charger from the
charge qualification state without user intervention when-
ever the battery cell voltage drops below a set level. With
the advent of low memory effect NiMH and improved NiCd
cells an automatic recharge feature is practical and elimi-
nates the need for very slow trickle charging.

The CHRG status output is high impedance in the auto-
matic recharge state until charging begins. If the VegL
voltage drops below the voltage set on the ARCT pin for at
least the automatic recharge entry delay time as shownin
Table 1, the charge qualification state is entered and
charging will begin anew in fast charge. An easy way of
setting the voltage on the ARCT pin is by using two series
current programming resistors and connecting their com-
mon to the ARCT pin as shown in Figure 2. The PROG pin
will provide a constant 1.5V (Vprgg). The programmable
voltage range of the ARCT pin is approximately 0.8V to
1.6V.Apreprogrammed rechargethreshold of 1.3V (VappT)
is selected when the ARCT pin is connected to V¢
(Varper). Automatic recharge is disabled when the ARCT
pin is connected to ground (Varpis).

Pause

After charging is initiated, the PAUSE pin may be used to
pause operation at any time. Whenever the voltage on the
PAUSE pin is a logic high, the charge timer and all other
timers pause, charging is stopped and the fast charge ter-
mination algorithm is inhibited. The CHRG status output
remains at GND. If voltage-based termination was immi-
nent before pause, charge termination will occur. Otherwise,
when pause ends, the charge timer and ail other timers
resumetiming, charging restarts and vottage-based termi-
nation (-AV} is reset and immediately enabled. If the bat-
tery is removed while the PAUSE pin is a logic high, then
battery removal is detected and shutdown is entered. If the
battery is replaced while the PAUSE pin is a logic high, it
will not be detected until pause is turned off.

For pause periods or a series of periods where the battery
capacity could be significantly depleted, consider using
shutdowninstead of pause to avoid having the safety timer
expire before the battery can be fully charged. Shutdown
resets the safety timer.
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Battery Chemistry Selection

The desired battery chemistry is selected by programming
the CHEM pin to the proper voltage. When wired to GND,
a set of parameters specific to charging NiMH cells is
selected. When CHEM is connected to Vg, charging is
optimized for NiCd cells. The various charging parameters
are detailed in Table 2.

Cell Selection

The number of series cells is selected using the SELO and
SEL1 pins. For one cell, both pins connect to GND. Fortwo
cells, SELO connects to Vg and SEL1 to GND. For three
cells, SELO connects to GND and SEL1 to V. For four
cells, both connect to V.

Table 2. LTC4060 Charging Parameters

Inseriion and Removal of Batteries

The LTC4060 automatically senses the insertion or re-
moval of a battery by monitoring the Vg pin voltage.
Either the charge current, or if not charging then an
internat pull-up current (Iggp), will pull Vgg up when the
battery is removed. When this voltage rises above 2.05V
(Vgg) for a time greater than the battery removal event
delay shownin Table 1, the LTC4060 considers the battery
to be absent. Inserting a battery, causing Vg to fall
below both Vgg and 1.95V (Vggy) for a period longer than
the battery insertion event delay shown in Table 1, results
in the LTC4060 recognizing a battery present and initiates
a completely new charge cycle beginning with charge
qualification. All battery currents are inhibited while in
shutdown.

STATE CHEM CHARGE TIME LIMIT Tmin Tmax lcHRG TYPICAL TERMINATION CONDITION
Precharge Both tamax 5°C 45°C Ivax/5 | Vee = 0.9V
Fast Charge NiCd thmax 5°C 55°C Inax —16mV Per Cell After Initial tyax/12 Delay
NiMH Tmax 5°C 55°C Imax —-8mV Per Gell After Initial tyax/12 Detay

APPLICATIONS INFORMATION

Programming €harge Current

The battery charge current is set with an external program
resistor connected from the PROG pin to GND. The for-
mula for the battery fast charge current or Iy is:

15V
Iwax = (IpRog) »930 = (R ) «930
PROG
or
1395
RpRoG = 1—
MA

where Rprog is the total resistance from the PROG pin to
ground. For example, it 1A of fast charge current is
required:

Rprog = 13% = 1.4k 1% Resistor

1A

Under precharge conditions, the current is reduced 1o
20% of the fast charge value (Igax).The LTC4060 is
designed for a maximum current of 2A. This translates to
a maximum PROG pin current of 2.15mA and a minimum
program resistor of 698Q. Reduced accuracy at low
current limits the usefui fast charge current to a minimum
of approximately 200mA. Errors in the charge current can
be statistically approximated as follows:

One Sigma Error = 7mA

For best stability over temperature and time, 1% metal-
film resistors are recommended. Capacitance onthe PROG
pin shouid be limited to about 75pF to insure adequate AC
phase margin for its amplifier.

Different charge currents can be programmed by various
means such as by switching in different program resis-
tors. A voltage DAC connected through a resistor to the
PROG pin or a current DAC connected in parallel with a

4060t
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resistor to the PROG pin can also be used to program
current. Note that this will alter the timer periods unless
alternate TIMER pin capacitors are also programmed
through an analog switch.

The PROG pin provides areferencevoltage of 1.5V (Vprog)
that may be tapped for system use. Current loading on
PROG is multiplied by 930 and appears as increased Iyax
This may be compensated by adjustment of Rprog. Total
PROG pin current must be limited to 2.3mA otherwise
absolute maximum ratings will be exceeded. When the
LTC4060 s in the shutdown mode, the PROG pin is forced
to ground potential to save power.

Programming the Timer

All LTC4060 internal timing is derived from the internal
oscillator that is programmed with an external capacitor at
the TIMER pin. The time periods shown in Table 1 scale
directly with the timer period. The programmable safety
timer is used to put a time limit on the entire charge cycle
for the case when charging has not otherwise terminated.

The time limit is programmed by an external capacitor at
the TIMER pin and is also dependent on the current set by
the programming resistor connected to the PROG pin. The
time limit is determined by the following equation:

tmax (Hours) = 1.567 * 108 » Rpgog () * Crimer (F)

tmax (Hours)
1.567 « 108 « RpRog (Q)

Crimer (F) =

Some typical timing vaiues are detailed in Table 1. The
timer begins at the start of a charge cycle. After the time-
out occurs, the charge current stops and the CHRG output
assumes a high impedance state to indicate that the
charging has stopped.

Excessively short time-out periods may not allow enough
time for the battery to receive full charge or may result in
premature —AV termination due to too short a battery
voltage stabilization hold-off period. Excessively long time-
out periods may indicate too low a charge current which
may not allow voltage-based termination (-AV) to work
properly. Time-out limits of less than 0.75 hour for faster
2C charge rates, or more than 3.5 hours for slower C/2

LY HNEAS
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charge rates, are generally not recommended. Consult the
battery manufacturer for recommended periods.

An external timing source can also be used to drive the
TIMER pin for precise or programmed control. The high
level must be between 2.5V and Vg and the low level must
be between 0V and 0.25V. Also, the driving source must be
able to overdrive the internal current source and sink
which is 5% of the current through Rpgog.

Battery Temperature Sensing

Temperature sensing is optional in LTC4060 applications.
To disable temperature quaification of all charging opera-
tions, the NTC pin must be wired to ground. A circuit for
temperature sensing using a thermistor with a negative
temperature coefficient (NTG) is shown in Figure 2. Inter-
nally derived V¢ proportional voltages (Vi p, Vi, Vite)
are compared to the voltage onthe NTC input pin to test the
temperature thresholds. The battery temperature is mea-
sured by placing the thermistor close to the battery pack.
In Figure 2, a common 10k NTC thermistor such as a
Murata NTH4G series NTH4G39A103F can be used. Ryt
should be a 1% resistor with a value equal to the value of
the chosen NTC thermistor at 45°C (Ve =Vyni=0.5 Ve
typ). Another temperature may be chosen to suit the
battery requirements. The LTC4060 will not initiate a
charge cycle or continue with a prechargeif the value of the
thermistor falls below 4.42k which is a temperature rising
to approximately 45°C. However, once fast charging is in
progress, it will not be stopped untif the thermistor drops
below 3k which is a temperature rising to approximately
55°C (Vn1g = VHte = 0.4 » Ve typ). Once reaching this
charge cutoff threshold, charging is suspended until the
value of the thermistor rises above approximately 4.8k
(falling temperature) or approximately 43°C (45°C - 2°C
hysteresis at Ve = 5V) and then charging is resumed.
Hysteresis avoids possible oscillation about the trip points.
Note that the comparator hysteresis voltages are constant
and when V¢ increases the signal level from the ther-
mistor increases thus making the temperature hysteresis
look smaller.

During suspension the charge currentis turned off and the
safety timer is frozen. The LTC4060 is also designed to
suspend when the thermistor rises above 34k (falling
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temperature) at approximately 0°C (5°C — 5°C hysteresis
at Voo = 5V) and then resume when the thermistor falls
below 27k (rising temperature) which will be approxi-
mately 5°C (Vntc = Veup = 0.86 = Ve typ).

Many thermistors with an Rgop to Ryor ratio of approxi-
mately 7 will work. For lower power dissipation higher
values of thermistor resistance can be used. The Murata
NTHA4G series offers resistances of up to 100k at 25°C.

It is important that the thermistor be placed in close
contact with the battery and away from the external PNP
pass transistor to avoid excessive temperature errors on
the sensed battery temperature. Furthermore, since Vg is
a high current path into the LTC4060, it is essential to
minimize voltage drops between the Vg supply pin and
the top of Ryt by Kelvin connecting Rygt directly to the

Ve pin.

Power Requirements

The DC power input to the Vg pin must always be within
proper limits while charging a battery. Voltages beyond
the absolute maximum ratings may damage the charger
and voltages falling below the UVLO entry thresholds, as
programmed by the SELO and SEL1 pins, will likely cause
the charger to enter the shutdown state (when the UVLO
exitthresholdisexceeded charging will begin anew). While
the LTC4060 is designed to reject 60Hz or 120Hz supply
ripple, certain precautions are required. Theinstantaneous
ripple voltage must always be within the above mentioned
limits. Ripple voltage seen across the collector-base junc-
tion of the external PNP pass transistor will slightly modu-
|late its beta and hence its base current. Since the emitter
current is precisely reguiated by the LTC4060, any modu-
lation of base current will appear at the collector. This
slightly modulated battery charge current into a battery
will usually produce aninsignificant modulation voitage at
the battery. However, if excessive wire impedance to the
battery from the PNP exists, then it may be helptui to Kelvin
connect the BAT pin to a convenient point closest to the
batterytoreduce ripple magnitude entering the LTC4060’s
battery monitoring circuits. The battery ground imped-
ance should also be managed to limit ripple voltage at the
BAT pin. Excessive ripple into the BAT pin may cause the
charger to deviate from specified performance.

Vcc Bypass Capacitor

A 1uF capacitor located close to the LTC4060 will usuaily
provide adequate input bypassing. However, caution must
be exercised when using multilayer ceramic capacitors.
Because of the self-resonance and high Q characteristics
of some types of ceramic capacitors, along with wiring
inductance, high voltage transients can be generated
under some conditions such as connecting or disconnect-
ing a supply input to a hot power source. To reduce the Q
and prevent these transients from exceeding the absolute
maximum voltage rating, consider adding about 1Q of
resistance in series with the ceramic input capacitor.

BAT Bypass Gapacitor

This optionali capacitor, connected between BAT and GND,
can be used to help filter excessive contact bounce during
the battery monitoring or charging process. The value will
depend uponthecontact bounce openduration, butis typi-
cally 10uF. Another purpose of this capacitor is to bypass
transient battery load events that might otherwise disrupt
monitoring or charging. Should the battery connections not
be subject to excessive contact bounce or excessive bat-
tery voltage transients, then no BAT pin capacitor is re-
quired. The same caution mentioned above for the V¢ by-
pass capacitor applies.

External PNP Transistor

Theexternal PNP pass transistor must have adequate beta
and breakdown voltages, low saturation voltage and suf-
ficient power dissipation capability that may include heat
sinking.

To provide 2A of charge current with the minimum avail-
able base current drive of 40mA (Ipry min) requires a
minimum PNP beta of 50.

The transistor’s collector to emitter breakdown voltage
must be high enough to withstand the difference between
the maximum supply voltage and minimum battery volt-
age. Almost any transistor will meet this requirement.
Additionally, when no power is supplied to the charger
{(Vin=0Vand Vgeyse=0V), the transistor's emitter to base
breakdown voltage must be high enough to prevent a
leakage path at the maximum battery voltage while not
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charging (the DRIVE pin is internally switched to the BAT
pin). Most transistors will meet this requirement as well.

With fow supply voltages, the PNP saturation voltage
(Vcesat) becomes important. The Vgesar must be less
than the minimum supply voltage minus the maximum
voltage drop across the internal current sense resistor and
bond wires (approximately 0.08€2) and maximum battery
voltage presented to the charger accounting for wire |« R
drops.

Voesat (V) < Voo = (IBat(max) * 0.08Q + Vgatimax))

For example, if it were desired to have a programmed
charge current of 2A with @ minimum supply voltage of
4.75V and a maximum battery voltage of 3.6V (2 series
cells at 1.8V each), then the minimum operating V¢esar is:

Vogsar (V) =4.75 = (2 +0.08 + 3.6) = 0.99V

Ifthe PNP transistor cannot achieve the saturation voltage
required, base current will dramatically increase. Thisis to
be avoided for a number of reasons; DRIVE pin current
may reach current limit resulting in the LTC4060 charac-
teristics going out of specifications, excessive power
dissipation may force the IC into thermal shutdown, or the
battery could discharge because some of the current from
the DRIVE pin could be pulled from the battery through the
forward biased PNP collector base junction.

Theactual battery fast charge current (Igat) is slightly less
than the requlated charge current because the charger
senses the emitter current and the battery charge current
will be reduced by the base current. In terms of g (I¢/Ig)
IgaT Can be calculated as follows:

lgaT (A) = 930 '|PROG(~E~*)
B+1
If B =100 then Igatis 1% low. The 1% loss can be easily
compensated for by increasing lprog by 1%.

Another important factor to consider when choasing the
PNP pass transistor is its power handling capability. The
transistor’s data sheet will usually give the maximum rated
power dissipation at a given ambient temperature with a

power derating for elevated temperature operation. The
maximum power dissipation of the PNP when charging is:

Ppmax) (W) = Imax(VDpmax) — VeaTiming)

Vbpymax) is the maximum supply voltage and VBAT(MIN) IS
the minimum battery voltage when discharged, but not
less than 0.9V/cell since less than 0.9V/cell invokes
precharge current levels.

Thermal Considerations

Internal overtemperature protection is provided to prevent
excessive LTC4060 die temperature during a fault condi-
tion. Ifthe internal die temperature exceeds approximately
145°C, charging stops and the part enters the shutdown
state. The faults can be generated from insuffient heat
sinking, a shorted DRIVE pin or from excessive DRIVE pin
current to the base of an external PNP transistor if it's in
deep saturation from avery low Vgg. Once in the shutdown
state, charge qualification can be reinitiated only by re-
moving and replacing the battery or toggling the SHDN pin
tow to high or removing and reapplying power to the
charger. This protection is not designed to prevent over-
heating of the PNP pass transistor. Indirectly though, self-
heating of the PNP thermally conducting to the LTC4060
can result in the IC’s junction temperature rising above
145°C, thus cutting off the PNP's base current. This action
willlimit the PNP’s junction temperature to some tempera-
ture well above 145°C. The user should insure that the
maximum rated junction temperature is not exceeded
under any normat operating condition. See Package/Qrder
Information for the 8y, of the LTC4060 Exposed Pad
packages. The actual thermal resistance in the application
will vary depending on forced air cooling, use of the
Exposed Pad and other heat sinking means, especially the
amount of copper on the PCB to which the LTC4060 is
attached. The majority of the power dissipated within the
LTC4060 is in the current sense resitor and DRIVE pin
driver as given below:

Pp = (Igar)? * 0.08 + Iprive (Vec — Veg)
Ty=Ta+0)a*Pp
Veg is the emitter to hase voltage of the external PNP.

40601
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TYPICAL APPLICATIONS

Full Featured 2A Charger Application

Figure 2 shows an application that utilizes the optional
temperature sensing and optional externaily program-
mable automatic recharge features. it also has LEDs to
indicate charging status and the presence of sufficient
input supply voltage.

The PROG pin has a total resistance of 691Q to ground
that programs the fast-charge currentat the PNP’s emitter
t0 2.02A (2A at the collector for beta of 100). The ARCT pin
voltage is programmed to 1.25V. When the battery cell
voltage falls below this automatic recharge will begin.
Optional capacitor Gga filters excessive contact bounce.
This circuit can be modified to charge a 4A-Hr battery ata
C/2 rate simply by doubling the Crymer Capacitance.

Viy=5V

Power Path Control

Proper power path control is an important consideration
when fast charging nickel cells. This control ensures the
system load remains powered at all times, but that normal
system operation and associated load transients do not
adversely aftect the charging procedure. Figure 3 illus-
trates a 1A charger with power path controt. When Vy is
applied the forward biased Schottky diode will power the
load while the P-channel FET will disconnect the battery
from the load. When V) is removed, the FET will turn-on
to provide a low loss switch from the battery to the load,

and the diode will isolate V. The ACP output signals the
presense of Viy.

Reep
Rrot F‘usn 3309
4.42k 3309 5 v “AC”
¢—1 SHDN

“CHARGE” m
CHRG  SENSE
1
Yiec  pane
;1 LTC4080
:‘ch PROG BAT
S RpRog 8
S ; ARCT  TIMER
= 1,’—JR L—{SELO°  CHEM
S HaReT 10
5:5759 [ seLr  pause
= = GND

>

MJD210

Zzld

~]+ 2-CELL
—LCBAT =" NiMH
10uF T BATTERY

CriMer —
1.5aF

H }—l

J_lﬁ

Figure 2. Full Fealured 2A Charger Application
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DIERe  sense 1B
e s LU e FDG312P
= 4| vrcameo |, T
a PROG  BAT * _T: v T.&ITH 70 LOAD
PROG 8 4 - ¢
1400Q b—g ARCT . TIMER = NiMH > oo
=  Dlgee  cxem 2 | L BATTERY N
10 8 Criver
Imb GN;AUSE Pt
= T = = “DRAIN SOURCE DIODE OF MOSFET
16

Figure 3. 1A Charger Application with Power Path Control
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LTC4060

TYPICAL APPLICATIONS

Trickle Charge

The trickle charge function is normally not required due to
the automatic recharge feature. However, the LTC4060
does provide a modest pull-up current (Igrp) as part of its
battery removal detection method. If additional current is
required for trickle charge or to support battery removal
detection with current loads greater than lIgpp, then the
simple circuit of Figure 4 will facititate that. The diode
insures no reverse discharge current when Vy is removed
and the resistor sets the trickle current.

Extending Charge Current

Extending the charge current beyond 2A can be accom-
plished by paralleling an external current sense resistor,
Riser, with the internal current sense resistor as shown in
Figure 5. Bond wire, lead frame and PCB interconnect

resistance and mismatches in the two sense resistor’s
value will cause charge current variability to increase in
proportion to the extension in current. Resistor Rjsey
should be connected directly to the LTC4060 to reduce
errors. The total current sense resistor, bond wire and lead
frame resistance is approximately 0.08Q (T.C. = 3500ppnv/
°C). The formula for extended fast charge current is:

0.08)
Riser
=2A*1.5=3A

for Riger = 0.16Q2 and Rprog = 698Q.

Adequate PNP beta is required to meet the DRIVE pin
capability and the increased PNP power dissipation will
require additional heat sinking.

Imax(exT) = Imax (1 +

Vin 1N4001
14
Vee
»
LTC4060 3 := 33k
SENSE <
DRIVE !
BAT 2
T+ 2cenL
—_ NiMH
. BATTERY

= w2

Figure 4. Adding Trickle Charge

ViN

14

V
c %u.usn
SENSE §
DRIVE
BAT

LTC4060

+ 2-CELL
= NiMH
I BATTERY

= 4o Fos

Figure 5. Extended Charge Current Operation
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LTC4060

TYPICAL APPLICATIONS

Reverse Input Voltage Protection

In some applications protection from reverse supply volt-
age is desired. If the supply voltage is high enough, a
series blocking diode can be used. In other cases, where
the voltage drop must be kept very low, a P-channel FET
as shown in Figure 6 can be used.

14
Vm_%_ v

[H]

LTC4060

T

4080 FoB

“DRAIN BULK DIODE OF MOSFET

Figure 6. Low Loss Reverse Input Voltage Protection
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PACKAGE DESCRIPTION

DHC Package

16-Lead Plastic DFN (5mm x 3mm}

(Reference LTC DWG # 05-08-1706)

*ﬁﬂﬁﬂﬁﬂﬁﬂ

|
} i
+0.05 165 0.05_|
2.2020.05 (2 SIDES)

l '

1

#

guggﬁqgﬁ;

[e—————— 4.40 £0.05 ———

{2 SIDES)

-1
f
t
|
|
1

||

|
|
|
|
1
| —
d

RECOMMENDED SOLOER PAD PITCH AND DIMENSIONS

—

5000.10
(2 StDES}

0.65 =0.05

PACKAGE
OUTLINE

R=

0.115
TYp

LTC4060

0.40=0.10

!

_UUUUOUU
S

t R=0.20
| TYP
; A
. ',“H____z.uo,o.m 165010 _
T (2SIDES) (2 SIOES)
PIN 1 - !
ToP MARK ()
(SEE NOTE 6) |
T
0.200 REF 0.75 =0.05
T:m ~—} 0.00 - 0.05

NGTE:

1000

_f

- PIN 1
NGTCH

DHCIE Diw 1

L— 0.25 = :].05

-—0.50 BSC

4, 40 £0.10 — =

(2 SIDES)
BOTTOM VIEW—EXPOSED PAD

1. DRAWING PROPOSED TO BE MADE VARIATION OF VERSION (WJED-1} IN JEDEC
PACKAGE QUTLINE MO-229

2. DRAWING NOT TO SCALE

3. ALL DIMENSIONS ARE IN MILLIMETERS

4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUOE

MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENGE FOR PiN 1 LOCATION ON THE

TGP AND BOTTOM OF PACKAGE

40601

LY N

Information furnished by Linear Technology Corporation is helieved 1o be accurate and refiable.
However, no responsibility is assumed for its use. Linear Technology Corparation makes na represen-
tationthat the interconnection afits circuits as described herein will notinfringe on existing patent rights.
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LTC40060

PACKAGE DESCRIPTION

FE Package
16-Lead Plastic TSSOP (4.4mm)
(Reference LTC DWG # 05-08-1663)

Exposed Pad Variation BC

3.58
(.141)

f _0oooooao
5,60 20.10 | _fm
A'SOEW SEE N:UTEA 1 =£
,7DUUU[DQ]UU£{*°‘°

0.65BSC
RECOMMENDED SOLOER PAD LAYOUT

430-450"
i {169=.177) |

.25

L

0.09- U 20
{.0035 - .0079)

050-075
{020= 030

NOTE:
1. CONTROLLING OIMENSION: MILLIMETERS

MILLIMETERS
2, DIMENSIONS ARE IN T (INCHES}

3. DRAWING NOT T SCALE

480-510"
{193~ 201)

358

WP
(141}
16 [1514 13 12 1110 9

BAAAAAAAT ]

}
|
e
:

{10433) 0433)

0.05- 015
(.002 - .06}

FEY (BC} TSEOP 0201

0.195-0.30
(UOT‘.’ 0115)

(0256) _4 |“_ ’

4. RECOMMENDED MINIMUM PCB METAL SIZE
FOR EXPDSED PAD ATTACHMENT
“DIMENSIONS OG NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.150mm (.006') PER SIDE

RELATED PARTS

PART NUMBER DESCRIPTION COMMENTS
LTC1732 Lithium-lon Linear Battery Charger Controlier Simple Charger uses External FET, Features Preset Voltages, C/10
Charger Detection and Programmable Timer, Input Power Good indication
LTC1733 Monolithic Lithium-lon Linear Battery Charger Standalone Charger with Programmable Timer, Up to 1.5A Charge Current
LTC1734 Lithium-lon Linear Battery Charger in ThinSOT™ Simple ThinSOT Charger, No Blocking Diode, No Sense Resistor Needed
LTC1734L Lithium-{on Linear Battery Charger in ThinSOT Low Current Version of LTC1734; 50mA = Igypg s 180mA
LTC1998 Lithium-fon Low Battery Detector 1% Accurate 2.5pA Quiescent Current, SOT-23
LTC4006/LTC4007 | 4A Multicell Li-ion Battery Chargers Standalone Charger, 6V < Viy < 28V, Up to 96% Effnmency
=0.8% Charging Voltage Accuracy
LTC4008 4A Multichemistry Battery Charger Synchronous Operation for High Efficiency, AC Adapter Current Limit
LTC4052 Manolithic Lithium-lon Battery Pulse Charger No Blocking Diode or External Power FET Required, <1.5A Charge Current
LTC4053 USB Compatible Monclithic Li-lon Battery Charger | Standalone Charger with Programmable Timer, Up to 1.25A Charge Current
LTC4054 Standalone Linear Li-ion Battery Charger Thermal Regulation Prevents Overheating, C/10 Termination,
in ThinSQT C/10 Indicator, Up to 800mA Charge Current
LTC4055 USB Power Controller and Li-lon Battery Charger Charges Directly from USB or Wall Adapter, New Topology Charges Faster and
More Efficiently
LTGC4058 Standalone Li-lon Linear Charger in DFN Up to 950mA Charge Current, Kelvin Sense for High Accuracy,
LTC4058X C/10 Charge Termination
LTC4411 Low Loss PowerPath™ Conroller in ThinSOT Automatic Switching Between DG Sources, Load Sharing,
LTC4412 Replaces ORing Diodes

ThinSOT and PowerPath are trademarks of Linear Technology Corporation.

40801

Linear Technology Corporation

1630 McCarthy Bivd., Milpitas, CA 95035-7417
{408) 432-1900 = FAX: (408) 434-0507 « www.linear.com
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MC14024B

7-Stage Ripple Counter

The MC14024B is a 7-stage ripple counter with short propagation
delays and high maximum clock rates. The Reset input has standard

poise immunity, however the Clock input has increased noise ON Samiconductor

immunity due to Hysteresis. The output of each counter stage is

butfered. http://onsemi.com

® Diode Protection on All Inputs

¢ Output Transitions Occur on the Falling Edge of the Clock Pulse MARKING

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc DIAGRAMS
14

® (apable of Driving Two Low—-power TTL Loads or One Low—power

PDIP-14
Schottky TTL Load Over the Rated Temperature Range P SUFFIX MC14024BCP
® Pin—for-Pin Replacement for CD4024B CASE 646 Lo AWLYYWW
1
14
SOIC_14 iaisininininin
MAXIMUM RATINGS (voltages Referenced to Vgg) (Note NO TAG) — 140248
D SUFFIX o AWLYWW
P ter Val Unit ?
Symbol aramete alue ni CASE 751A OO Ooo
Voo DC Supply Voitage Range ~-05t0+18.0 v 1
Vin: Vout input or Output Voltage Range ~-05toVpp+0.5 \Y a
{DC or Transient) infuinininis
SOELIAJ-14
lims Tout Input or Qutput Current +10 mA F SUFFIX MC14024B
(DC or Transient) per Pin CASE 965 o AWLYWW
OO0
Pp Power Dissipation, 500 mw 1
per Package {Note NO TAG)
A = Assembly Location
Ta Ambient Temperature Range -551t0 +125 C WLorlL =WaferLot
N YYorY =Year
Tstg Storage Temperature Range 65 to +150 C WW or W = Work Week
T Lead Temperature 260 ‘C
(8—Second Soldering)
CRDERING INFORMATION

2. Maximum Ratings are those values beyond which damage to the device

may occur. X .
3. Temperature Derating: Device Package Shipping
ic ™ DW" P, =7 ° 65°C To 125°
Plastic “P and D/l ackages: — 7.0 mW/°C From [+] C MC14024BCP PDIP-14 2000/Box
This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid MC140248D Soic-14 2750/Box
applic.aljons of a|:1y yollage higher tha.n maximum rated voltages to _this MC14024BDR2 SOIC-14 | 2500/Tape & Reel
high—impedance circuit. For proper operation, Vi, and V,; should be constrained
to the range Vgg < (Vi of Vou) < Vpb. MC140248F SOEIAJ-14 See Note 1.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vg5 or Vpp). Unused outputs must be left open, MC14024BFEL | SOEIAJ-14] See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your iocal
ON Semiconductor representative.

% Semiconductor Components Indusiries, LLC, 2000 1 Publication Order Number:
March, 2000 - Rev. 3 MC14024B/D




MC14024B

TRUTH TABLE

Clock Reset State
0 0 No Change
0 1 Al Qutputs Low
1 0 No Change
1 1 All Qutputs Low
a 0 No Change
va 1 All Qutputs Low
s 0 Advance One Count
. 1 Ail Qutputs Low
PIN ASSIGNMENT
cLock ] 1 14 [} vpp
RESET [ 2 13 JNC
a7 3 m
Qs [} 4 n a2
aslls 10 [INC
a1(] s a3
vss (] 7 8 [INC
Vpp=PIN 14
Vsg=PIN?

NC = NO CONNECTION

LOGIC DIAGRAM

1

CLOCK cC qQ ¢ QpF——C Q c

[ (At

RESET

v v

12 n 4

o Qz Q6
Q3=PIN9
Q4=PING
Q5=PIN5

http://onsemi.com
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MC14024B

ELECTRICAL CHARACTERISTICS (Voliages Referenced to Vgsg)

{C_ = 50 pF on all outputs, all
buffers switching)

Vob -55°C 25°C 125°C
Characteristic Symbo! | Vdc Min Max Min Typ¥) | Max Min Max Unit
QOutput Voitage “0" Level VoL 5.0 —_ 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 - 0.05
15 - 0.05 — 0 0.05 — 0.05
Vin=0o0r Vpp “1" Level Vou 50 4.95 — 4.95 50 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
tnput Voltage “0” Level Vi Vdc
(Vo =4.5 or 0.5 Vdc) 5.0 — 1.5 — 2.25 1.5 — 1.5
(Vo =9.0 or 1.0 Vdc) 10 - 3.0 — 4.50 3.0 — 3.0
{(Vo = 13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
{(Vo=050r4.5Vdc) “1"Lavel ViH 5.0 35 —~— 35 275 — 3.5 — Vdc
{Vo = 1.0 or 9.0 vdc) 10 7.0 — 7.0 550 — 7.0 —
(Vo = 1.5 0r 13.5 Vdc) 15 " — 11 8.25 — 1" —
CQutput Drive Current lon mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — ~-24 -42 — -1.7 —
{(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — -0.36 —_
(Von = 9.5 vdc) 10 ~-16 —_— -13 -2.25 - -09 —
{(Von = 13.5 Vdc) 15 -4.2 — -34 -88 — -24 —
(VoL = 0.4 Vdc) Sink loL, 5.0 0.64 — 0.51 0.88 — 0.36 - mAdc
(VoL = 0.5 vdc) 10 1.6 — 1.3 2.25 — 09 —
{VoL = 1.5Vdc) 15 42 — 34 8.8 — 24 —
Input Current lin 15 —_ +0.1 — +0.00001 | £01 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin = 0)
Quiescent Current ibD 5.0 — 50 — 0.005 50 — 150 pAdc
{Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current {5 (6) I 5.0 17 =(0.31 pA/kHzZ) f + Ipp pAde
(Dynamic plus Quiescent, 10 It = (0.60 pA/KHz) f + Ipp
Per Package) 15 It =(1.89 pAikHz) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.
5. The formulas given are for the typicai characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I(Cp) = I1{50 pF} + (C - 50) Vik

where: |1 is in pA {per package), C_ in pF, V = (Vpp — Vsg) in volts, fin kHz is input frequency, and k = 0.001.

http://onsemi.com
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MC14024B

SWITCHING CHARACTERISTICS (7 (C, = 50 pF, To = 25°C)

Characteristic Symbol Voo Min Typ (8) Max Unit
Output Rise and Fall Time tTLH, ns
triH truL = (1.5 ns/pF) CL + 25 ns trHL 5.0 — 100 200
tTLH. ttHL = (0.75 ns/pF)} C + 125 ns 10 — 50 100
trLH, trHL = (0.55 ns/pF} C  + 9.5 ns 15 — 40 80
Propagation Delay Time PLH. ns
Clock to Qi1 tPHL
tpLn, tpHL = (1.7 ns/pF) CL + 295 ns 50 — 380 600
tpLH, tpHL = (0.66 ns/pF) CL + 117 ns 10 — 150 230
tpLH, tpHL = (0.5 ns/pF)C| + 85 ns 15 — 110 175
Clock to Q7
tPLH- tPHL = (1 7 I"ISIPF) CL + 815 ns 5.0 — 1000 2000
tpLw, tpyy = (0.66 ns/pF} C + 367 ns 10 — 400 750
tpLm, tpL = (0.5 ns/pF) C + 275 ns 15 — 300 565
Reset to Qy
tpLn, tpHL = (1.7 ns/pF) C + 415 ns 5.0 —_ 500 800
tpLH, tpHL = (0.66 ns/pF) C + 217 ns 10 — 250 400
tpLH. tpHL = (0.5 ns/pF) CL + 155 ns i5 — 180 300
Clock Pulse Width twH 50 500 200 — ns
10 165 60 —
15 125 40 —
Reset Pulse Width [ 5.0 600 375 — ns
10 350 200 —
15 260 150 —
Reset Removal Time trem 5.0 625 250 — ns
10 190 75 —
15 145 50 —
Clock Input Rise and Fall Time tTiH. tTHL 5.0 — e 1.0 s
10 — — 8.0 ms
15 — — 200 us
Input Puise Frequency fat 5.0 — 2.5 1.0 MHz
10 — 8.0 3.0
15 — 12 4.0

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ™ is not to be used for design purposes but is intended as an indication of the IC's potential performance.

http://onsemi.com
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MC14024B

Voo VDL = Vou Voo VOH = Vout
Voo
C Qp c Q,
L, SR
i EXTERNAL EXTERNAL
COUNTQ,TOA |Vss | POWER Vss | POWER
LOGIC "V LEVEL. = SUPPLY = SUPPLY
Figure 1. Typical Qutput Source Figure 2. Typical Qutput Sink
Characteristics Test Circuit Characteristics Test Circuit
Voo
0.01 uF
300 uf '[ Ip CERAMIC
PULSE !
GENERATOR ¢ 8; o T f
b0
C, L
 ——
C =
Qs —o——_LL I ::E
Qa I
R Q7 _O:L I —_—
Bl

Figure 3. Power Dissipation Test Circuit

http://onsemi.com
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MC14024B

PACKAGE DIMENSIONS

P SUFFIX
PLASTIC DIP PACKAGE
CASE 646-06
ISSUE M

o

) il

Ly e
— Hb— G D1apL M
@010 @]

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751A-03
ISSUE F

opadhdiAf ‘[

=B PraL
[ D] 025 0010 8 @]

© 7
R
—{ 6l

N gnin PO St 3
(@0 00n0®@[1[8 B[aB)]

PLANE
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ES:

DIMENSIONNG AND TOLERANCING PER ANSY
¥14,5M, 1982,

. CONTROLLING DIMENSICN: INCH.
. DIMENSION L TO CENTER QF LEADS WHEN

FORMED PARALLEL.

. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
. ROUNDED CORNERS OPTIONAL.

INCHES MILLIMETERS
MiN MAX MIN_| MAX
0715 §{ 0770 | 186 | 1880 |

0.240 § 0.260 610 6.60

0.145 | 0.185 369 469

0015 | 0.021 04.38 253

0040 | 0.070 1.02 178

0.160 BSC 2.54 BSC

0052 | 0.095 1.32 2.41

0908 | 0.075 0.20 0.38

0115 | 0.135 292 343

0290 | 0310 137 187

- w] - 10°

z:a—xu_xn-nuoahlg

0.015 | 0039 0.38 1h

J L MILLEMETERS INCHES
F MIN | MAX | MIN | MAX

NOTES:

Y14.5M, 1982,

CONTROLLING DIMENSION: MLLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 {0.006)
PER SIDE.

[SEN

-

w

PROTRUSIQN. ALLOWABLE DAMBAR

PROTRUSION SHALL BE 0.127 (0.005) TOTAL

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION

. DIMENSIQNING AND TOLERANCING PER ANSI

. DIMENSION D DOES NOT INCLUDE DAMBAR

B.55 875 | 0337 | 0.344

380 400 | 0350 | 0157

1.35 175 | 0054 | 0068
035 049 | 40074 | 0.019

0,40 125 ] 0006 | 0049

1.27 BSC 0.050 BSC

0.19 025 §{ 0008 | 0009

0.10 025 § 0004 1 0009
0° 7° a° 1°

5.80 520 | 0.228 ;| (244

xv:xunwcnmhlg

025 0.50 | 0.010 § 00M9




MC14024B

PACKAGE DIMENSIONS

F SUFFiX
PLASTIC EIAJ SOIC PACKAGE
CASE 965-01

ISSUE O NOTES:

1. DIMENSIOMING AND TOLERANCING PER ANSH
Y14.5M, 1982,
2. CONTROLLING DIMENSION: MILLIMETER.
- 3. DIMENSIONS D AND E DO NOT INCLUBE
14 ] Le i MOLD FLASH OR PROTRUSIONS AND ARE

Q MEASURED AT THE PARTING LINE, MOLD FLASH
1 OR PROTRUSIONS SHALL NOT EXCEED 0.15

{0.006) PER SIDE.

T
+ E He
I )
R EEE
f—z

D

i e

VIEW P

ol . MILLMETERS | NcHES
Lef [ ]‘_ ~ L om[ win ] MAX | WIN | MAX
T / c Al — 20| - 1o
i \ i A | 005§ o2 | 0002 | povs
- L L " b | 035 | 05| oo | oo
L —— f ¢ | 018 | 027 | 0007 | 00m
—-4 l“ b Aq D | 990 | 1050 | 6300 | 0413
E ] 510 [ 545 0200 | 0218

[@[0130009@| ] 010(0.000] o | 1z785¢ | 0us0BSC
He | 740 ] 820 | 0291 | 0323
10500 050 | 085 000 | 0033
i 1.10 150 | 0043 | 0.059
w| e°] w°l ool 10°
Qy | 070 | 0% | 00z | o
21 | 1wzl — (o0

DETAIL P

TERMINAL NUMBERS ARE SHOWN FOR

Me 4
REFERENCE ONLY.
—— 5. THE LEAD WIDTH DIMENSION (b) DOES NOT

INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALE BE 0.04 {0.003)
TOTAL IN EXCESS OF THE LEAD WIDTH
DIMENSION AT MAXIMUM MATERIAL CONDITION.
DAMBAR CANNOT BE LOCATED ON THE LOWER
RADIUS OR THE FOOT. MINIMUM SPACE
BETWEEN PROTRUSIONS AND ADJACENT LEAD
TO BE 0.46 (0.018).

ON Semiconductor and g‘j are trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose. nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability,
inciuding without limitation special, consequential or incidental damages. “Typicai” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary overtime. All operating parameters, including “Typicals” must be
validated for each customer application by customer's technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are notdesigned, intended, o authotized for use as components in systems intended for surgical implant into the body. or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shalt indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs. damages, and expenses, and reasonable
aftorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim

alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Empioyer.
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Phase Locked Loop

The MC14046B phase locked loop contains two phase comparators, a
voltage—controlied oscillator (VCO), source follower, and zener diode. The
comparators have two common signal inputs, PCAjn, and PCBj,. Input PCAjj,
can be used directly coupled to large voitage signals, or indirectty coupled
(with a series capacitor) to small voltage signals. The seif-bias circuit
adjusts small voltage signals in the linear region of the amplifier. Phase
comparator 1 (an exclusive OR gate) provides a digital error signal PC1g,t,
and maintains 90° phase shift at the center frequency between PCAj,, and
PCBijp, signals (both at 50% duty cycle). Phase comparator 2 (with leading
edge sensing logic) provides digital error signals, PC2¢gt and LD, and
maintains a 0° phase shift between PCAj, and PCBjy, signals (duty cycle is
immatenal). The linear VCO produces an output signal VCOgqt whose
frequency is determined by the voltage of input VCOjy, and the capacitor and
resistors connected to pins C1a, C1g, R1, and R2. The source—follower
output SFoyt with an external resistor is used where the VCO;j, signal is
needed but no icading can be tolerated. The inhibit input tnh, when high,
disables the VCO and source follower to minimize standby power
consumption. The zener diode can be used to assist in power supply
regulation.

Applications include FM and FSK modulation and demodulation, fre-
quency synthesis and multiplication, frequency discrimination, tone decod-
ing, data synchronization and conditioning, voltage-to-frequency
conversion and motor speed controi.

« Buffered Outputs Compatible with MHTL and Low-Power TTL

« Diode Protection on All Inputs

« Supply Voltage Range =3.0t0 18 V

¢ Pin—for-Pin Replacement for CD4046B

* Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle Limited

+ Phase Comparator 2 switches on Rising Edges and is not Duty Cycle
Limited

BLOCK DIAGRAM

e e ——— ———————

q
SELF BIAS PHASE ]
CIRCUIT —w COMPARATOR1 | | 2 PClout

PHASE H—0 13 PC2y
PCBn 2 o COMPARATOR2 HMHo1 LD

VOLTAGE H04 vCOgy

$
_ 9.

|
VCOp 9o
o CONTROLLED [3° 1; 2;
Vpp=PIN16 | OSCILLATOR :l:.?“ § Cia
Vsg=PIN8 : (VCO) 7 Cig
N 5ol SOURCE FOLLOWER|H—0 10 SFoy
|

Vss o-ﬂ -0 15 ZENER
[ ]
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MC14046B

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
SQIC
CASE 751G

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

Ta = - 55° to 125°C for all packages.

PIN ASSIGNMENT

D[] 1o 16 [1 VoD
PClou [ 2 15 [] ZENER
PCBip [] 3 14 [1 PCAy,
VCOqut 0 4 13 [] PC2qy
INH[] 5 121R2
cipall s 11 1R
cigl] 7 10 [] SFou

vss (]} 8 g [ vcoy,

© Motorola, Inc. 1997
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MAXIMUM RATINGS* (Voltages Referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage VDD -05to+ 18 Vdc
Input Voltage, All Inputs Vin -05tVpp +0.5 | Vdc
DC Input Current, per Pin lin +10 mAdc
Power Dissipation, per Packaget PD 500 mw
Operating Temperature Range Ta -55to+ 125 °C
Storage Temperature Range Tstg -65to + 150 °C

* Maximum Ratings are those values beyond which damage to the device may occur.
tTemperature Derating:

Plastic “P and D/DW” Packages: - 7.0 mW/°C From 65°C To 125°C

Ceramic "L" Packages: — 12 mW/°C From 100°C To 125°C

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

VoD ~-55°C 25°C 125°C
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Output Voltage ‘0" Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin=Vpp or0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.058 - 0 0.05 —_ 0.05
“1" Level VOH 5.0 4.95 -— 4.95 50 — 4.95 — Vdc
Vin=0o0r Vpp 10 9.95 — 9.95 10 — 9.95 _
15 14.95 — 14.95 15 —_ 14.95 _
Input Voltage # “0" Level ViL Vde
(Vo = 4.5 or 0.5 Vdc) 5.0 —_ 15 — 225 1.5 —_ 15
(Vo = 9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo =0.50r4.5Vdc) “1" Level VIH 50 3.5 — 35 2.75 — 35 _— Vdc
(Vo = 1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 0r 13.5 Vdc) 15 1 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(VOH = 2.5 Vdc) Source 5.0 -12 — -1.0 -1.7 — -0.7 —
(VOH = 4.6 Vdc) 5.0 -0.25 — -0.2 -0.36 — -0.14 —
(VoH = 9.5 Vdce) to -0.862 — -05 -0.9 — -0.35 —
(VoH = 13.5 Vdc) 15 -18 — -15 -3.5 — -11 —
(VoL = 0.4 vdc) sink | loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 - 13 225 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 88 — 24 —
Input Current lin 15 — +0.1 — =0.00001 | +0.1 — +1.0 pAde
Input Capacitance Cin — — — — 50 75 — - pF
Quiescent Current DD 5.0 - 5.0 — 0.005 50 — 150 HAde
(Per Package) Inh = PCAjn, = Vpp, 10 — 10 — 0.010 10 — 300
Zener = VCOj, = 0 V, PCBjp, = Vpp 15 — 20 — 0.015 20 — 600
or0V, gyt = 0 pA
Total Supply Currentt T 5.0 IT = (1.46 pA/KHZ) f+ IDD mAdc
(Inh ="0", f = 10 kHz, C_ = 50 pF, 10 IT =(2.91 pAKH2) f + Ipp
R1=10MQ R2 = ® Rgf = o=, 15 IT=(4.37 pA/kHZ) f + Ipp
and 50% Duty Cycle)

#Noise immunity specified for worst—case input combination.
Noise Margin for both “1” and "0 level = 1.0 Vdc min @ Vpp = 5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vdc
2.5Vdc min @ Vpp = 15 Vdc

tTo Calculate Total Current in General:

VCOjn-1.65 Vpp-— 1.35)3f4 (vcoin -1.65 )3/4
16x| —n 3
R * o +16x Rer +1x10-3(CL+9)Vpp i+

IT=22x VDD(

100% Duty Cycle of PCAjn

)+ Ilg  where: ITin pA, CL in pF, VCOipn, Vpp in Vdc, fin kHz, and

1x10~1Vvpp? (
100 R1, R2, RgF in M&, C| on VCOgyt.

MC14046B MOTOROLA CMOS LOGIC DATA
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ELECTRICAL CHARACTERISTICS* (C = 50 pF, Ta = 25°C)

VoD Minimum Maximum
Characteristic Symbol Vdc Device Typical Device Units
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF} C_ + 30 ns 50 - 180 350
tTLH = (1.5 ns/pF)}CL + 15 ns 10 — 90 150
Ly ={1.1 ns/pF) C + 10 ns 15 - 65 110
Output Falt Time TTHL ns
tTHL = (1.5 ns/pF) C_ + 25 ns 5.0 — 100 175
tTHL = (0.75 ns/pF) C| + 12.5ns 10 — 50 75
tTTHL = (0.55 ns/pF) C_ + 9.5 ns 15 — 37 55
PHASE COMPARATORS 1 and 2
input Resistance — PCAjj Rin 5.0 1.0 2.0 — MQ
10 0.2 04 —_
15 0.1 0.2 —
— PCBjp Rin 15 150 1500 — MQ
Minimum Input Sensitivity Vin 5.0 _ 200 300 mV p—p
AC Coupled — PCA;, 10 — 400 600
C senies = 1000 pF, f = 50 kHz 15 — 700 1050
DC Coupted — PCAjp, PCBin — Sto15 See Noise Immunity
VOLTAGE CONTROLLED OSCILLATOR {VCO)
Maximum Frequency frmax 5.0 0.5 0.7 — MHz
(VCOjn = Vpp. €1 =50 pF 10 10 14 —
R1 =5.0 kf2, and R2 = o0} 15 14 1.9 —
Temperature — Fraquency Stability — 5.0 — 0.12 — %/°C
(R2= ) 10 — 0.04 —
15 — 0.015 —
Linearity (R2 = o ) — %
(VCOp=25V+03V,R1>10kQ) 5.0 —_ 1.0 -
(VCOin =5.0V 125V, R1> 400 k) 10 — 1.0 —
(VCOin =75V 5.0V, R121000kQ) 15 — 1.0 —
Output Duty Cycle — 5to 15 — 50 — %
Input Resistance — VCOjp Rin 15 150 1500 — MQ
SOURCE-FOLLOWER
Offset Voltage — 5.0 — 1.65 2.2 Y
{VCOijp minus SFq,,t, RSF > 500 kQ) 10 — 1.65 2.2
15 — 1.65 22
Linearity — %
(VCOjn =2.5V+ 0.3V, RgF > 50 k1) 5.0 — 0.1 -
(VCOjn =5.0V+ 2.5V, RgF > 50 kQ) 10 — 06 -
(VCOn =7.5V 5.0V, Rgr > 50k2) 15 — 08 —_
ZENER DIODE
Zener Volitage (I = 50 pA) vz — 6.7 7.0 7.3 v
Dynamic Resistance (l; = 1.0 mA) Rz — -— 100 —
* The formula given is for the typical characteristics only.
MOTOROLA CMOS LOGIC DATA MC14046B
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PHASE COMPARATOR 1
Input Stage :
}
PCA,  PCBy, |
PClout 0 1
PHASE COMPARATOR 2
Input Stage I !
Sl ‘ a.“‘“’ > i
3-State
PC2qut 0 Output Disconnected !
LD
(Lock Detect) 0 ! °

Refer to Waveforms in Figure 3.

Figure 1. Phase Comparators State Diagrams

Characteristic

Using Phase Comparator 1

Using Phase Comparator 2

No signal on input PCAj,.

VCO in PLL system adjusts to center
frequency (fg)-

VCO in PLL system adjusts to minimum
frequency (fmin)-

Phase angle between PCA;, and PCBj;,.

90° at center frequency (fg), approaching 0°
and 180° at ends of lock range (2f )

Always 0° in lock (positive nsing edges).

Locks on harmonics of center frequency.

Yeos

No

Signal input noise rejection.

High

Low

Lock frequency range (2f| ).

The frequency range of the input signal on which the loop will stay locked if it was
initially in lock; 2f_ = full VCO frequency range = fmax — fmin-

Capture frequency range (2fc).

out of lock.

The frequency range of the input signal on which the loop will lock if it was initially

Depends on low—pass filter characteristics
(see Figure 3). fc s fi_

fe=1_

Center frequency (fg).

The frequency of VCOgq,t, when VCOj, = 12 Vpp

VCO output frequency (f).

Note: These equations are intended to be

a design guide. Since calculated component
values may be in error by as much as a
factor of 4, laboratory experimentation may
be required for fixed designs. Part to part
frequency variation with identical passive
components is typically less than + 20%.

1

frmin = —r———
™N " Ry(C1 + 32 pF)

1

=  #+fmi
Ry(Cq1+32pF) "

fmax

Where: 10K < R s 1M
MWK=<R;s 1M
100pF = Cq s .01 uF

{(Vco input = Vgg)

{(Vco input = Vpp)

Figure 2. Design Information

MC14046B
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St SOURCE |10 SFout

FOLLOWER |
YCOin Rsr
PCA; 14 =3
Ao — = PHASE |20R13 I_Eg;rv'z_’;:s“; 9 veo 4 VGO

"~ @FREQUENCY Nf = f

@FREQUENCYF ~ 5
COMPARATOR [ PG,y FLTER

11 12 6 7
PCBin OR Cia  |Cig
PC20ut R1 A%Rzé |—|F|
1 1 ci

| EXTERNAL |

| +N
L COUNTER 3

Typical Low-Pass Filters

Typically:
(@) p OUTPUT fa) o OUTPUT Rg Cp = oM N
INPUT VA0 INPUT R e T
Cc2 1 2 nf R4
T #c =4 VRace (R3 + 3,000Q) Cp = 1“9%%' - R4 Cp
max:

ICZ

A f=fmax — fmin

NOTE: Sometimes R3 is split into two series resistors each R3 + 2. A capacitor C is then placed from the midpoint to ground. The value for
C¢ should be such that the corner frequency of this network does not significantly affect wy,. In Figure B, the ratio of R3 to R4 sets the
damping, R4 = (0.1)(R3) for optimum results.

LOW-PASS FILTER

Filter A Filter 8
Definitions: N = Total division ratio in feedback loop
K¢ = Vppin for Phase Comparator 1 _ [KKVCO _ K¢Kvco
K¢ = Vpp/4 = for Phase Comparator 2 “n = NR1Cp ®n = NC2(R3 + Ryg)
_2xAKNco

Kvco = Vop-2V Nawp, N

. . 2xf . §=—Km §=0-5“’n(R302+R“K_)
for a typica! design wp = 0 (at phase detector input) 2K¢ VvCO $"VCO

{ = 0707 _ 1 B R3C25 + 1
FO) = meos 7 | T = sRyc, + Rpcy + 1
Waveforms
Phase Comparator 1 Phase Comparator 2

I v

P ——J |—| sz " ||_| 4—-] Vss
v | JT v

PeBy, | | | I_ VZH PCBip 1 | } vg::l

L !

— VoH VoH

PC1 | | l | l | I | LD U
™ vou L TN
VCOin \/\/W\_ VoH Pczout_l ‘—_U____ VoH
— VoL — VoL
— VoH

VCOin

—Vou

Note: for further information, see:
(1) F. Gardner, "Phase-Lock Techniques”, John Wiley and Son, New York, 1966.
(2) G. S. Moschytz, “Miniature RC Filters Using Phase—L ocked Loop”, BSTJ, May, 1965.
(3} Garnth Nash, "Phase-Lock Loop Design Fundamentals”, AN—535, Motoroia inc.
(4) A.B. Przedpelski, "Phase—Locked Loop Design Articles”, AR254, reprinted by Motorola Inc.

Figure 3. General Phase-Locked Loop Connections and Waveforms

MOTOROLA CMOS LOGIC DATA MC140468
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OUTLINE DIMENSIONS

L SUFFIX
CERAMIC DIP PACKAGE
CASE 620-10
ISSUE V
—A-}
— 'l NOTES:
1. DIMENSIONING AND TGLERANCING PER
16 3 ANSI Y 14.5M, 1982
2. CONTROLLING DIMENSION: INCH.
[-B-) 3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL
‘ 8 4. OIMENSION F MAY NARROW T 0.76 (0.030)
WHERAE THE LEAD ENTERS THE CERAMIC
C L BODY.
INCHES | MILLIMETERS
| DM WIN | WAX | miN | max
| L A ] 075 | 0785 | 1905 | 19.93
8 o020 | 0295 | 610 | 749 |
X f b cl! —lox i — | 508
SEATING N K y 0 | 0015 | 0020 | 035 | oso
PLANE I E | 00s508SC 127 85¢C
————f F 10055 [ 0065 | 140 ] 165
| G | 0100B5C 254 BSC
E—™ M H u.ooa—les 021 ] 038
F ' G J J 18P K | 0125 [ 0170 | 318 | a3
L] 0300BSC 762B5C
D 1sPL []ozs0010@]1]8 @] W 0°] 15o] o° }T
N]loos ool ost ] 1m
[&]0250010)@]T] A ®]
P SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUER
NOTES:
f——{ A 1. DIMENSIONING AND TOLERANGING PER ANS|
Y14.5M, 1982,
il WeTutalelalil 2. CONTROLLING DIMENSION: INCH,
18 s f 3. DIMENSION L TO CENTER OF LEADS WHEN
b B FORMED PARALLEL.
o 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
4 . * 5. RQUNDED CORNERS OPTIONAL.
[PANALEN R R RS | INCHES | MILLIMETERS
__l L—F om[ MiN | WAX | MiN | max
—C - | Al 0740 | 0770 | 1860 | 1955
8 | 0750 | 0270 | 635 | 685
L A R c [ ot4s [ 0175 | 369 | 444
1 _{ D} 0015 o022 ] 039 053
EATING Etoow [ 070} 102] 177
B L \ e L
| | DL W[ 0.050BSC 12785C
H ld— —K J__][__ \‘/ M J [ 0008 [ 0915 | 021 ] 038
Gl K | 010 | 0130 | 280 3.0
L[ 0205 [ 0305 | 750 | 774
D16 PL M 0° ] w0°] 05| 10°
!@[ 0.25(0_010)®!T| A @l 5 | 6020 | 00a0 | o651 | 1.0
MC14046B MOTOROLA CMOS LOGIC DATA




OUTLINE DIMENSIONS

DW SUFFIX
PLASTIC SOIC WIDE PACKAGE
CASE 751G-03
ISSUE B
D =p—(A]
/—"\ e
=1 NOTES:
1. DIMENSIONS ARE IN MILLIMETERS.
2. INTERPRET DIMENSIONS AND TOLERANCES
PER ASME Y14 5M, 1994,
3. DIMENSKONS D AND E DO NOT INLCUDE MOLD
w > PROTRUSION.
M 4. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
: 5. DIMENSION 8 DOES NOT INGLUDE DAMBAR
PROTRUSION, ALLOWABLE DAMBAR
i | PROTRUSION SHALL BE 0.13 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL
] ) CONDITION.
B) AN B/ MILLIMETERS
DIM| MIN T max
Al 235 | 265
Al 0.10 025
B 03| 049
c| 023[ 032
D 10.15 | 1045
El 740 ] 760
s 1.27 BSC
H L 1005 | 1055 |
2 n | 025 015
EEA‘L'EG L | os0 ] 090
[] 0o 70
el
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General Description

The LM1596/LM1496 are doubled balanced modulator-de-
modulators which preduce an output voltage proportional to
the product of an input (signal) voltage and a switching (car-
rier) signal. Typical applications include suppressed carrier
modulation, amplitude modulation, synchronous detection,
FM or PM detection, broadband frequency doubling and
chopping.

The LM1596 is specified for operation over tha —55°C to
+125°C military temperature range. The LM1496 is speci-
fied for operation over the 0°C to + 70*C temperature range.

&National Semiconductor

LM1596/LM1496 Balanced Modulator-Demodulator

February 1995

Features
m Excellant carrier suppression
65 dB typical at 0.5 MHz
50 dB typical at 10 MHz
B Adjustable gain and signat handling
B Fully balanced inputs and outputs
u Low offset and drift
W Wide frequency response up to 100 MHz

Schematic and Connection Diagrams

~OUTPUT =ouTPyT
0 §(8) o 9(12)

__ 810
CARRIER
7(8)
NPUT o
4
) 05 Q6
SIGHAL
INPUT _ 1{1)
+O
Q) AN
:g; O ADJUST
)
BIASCS( | !/O ! o8
Q9
500 500
500
10014
vo 0(14)
TL/H/7887-1
A in par show DiP

Metal Can Package

v
+SIGHAL N o ~OUTRUT
~CARRIER
GAIN ADJUST o o
+CARRIER
GAIN ADJUST o o
-SIGNAL o +0UTPYT
BAS
TL/H/7B87-2
Top View

Note: Pin 10 is connected elactrically to the
casa through the device substrata.

Order Number LM1496H or LM1596H
See NS Package Number HOBC

Dual-in-Line and Small Qutline Packages

\
+SIGNAL IN—{1 14—V
GAIN ADJUST —g2 13p=
GAIN ADJUST =33 12— =OUTPUT
~SIGNAL IN—14 1=
BlAS —5 10— =CARRIER INPUT
+0UTPUT —16 L]
-7 8]— +CARRIER INPUT

TL/H/7887-3
Order Number LM1496M or LM14396N
See NS Package Number M14A or N14A

@ 1005 National Semiconductor Carporation TL/H/7BBT

RRAD-B30M115/Printad in U, $. A

J0je|NpoWa(-10ie|NPO pasueleg 96¢ L INT1/9651 W



Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabitity and specifications.

Soldering Information
® Dual-In-Line Package

Soldering (10 seconds) 260°C

Internal Power Dissipation (Note 1} 500 mW » Small Outline Package
A.pplied Yollage (N.ote 2 ov Vapor Phase (60 seconds) 215°C
Difterential Input Signal (V7 — Vg) +5.0V Infrared (15 saconds) 220°C
Dlﬂere?nal Input Signal (V4 = V1) =6+ 1sRolV See AN-450 “Surface Mounting Methods and their effects
Input Signal (V3 — V3, V3 — Vy) 5.0V on Product Reliability"” for other methods of soldering sur-
Bias Current (i5) 12 mA face mount devices.
Operating Temperature Range LM1596 —55°C to + 125°C

LM1496 0°Cto +70rC

Storage Temperature Range

—65°Cto +150°C

Electrical Characteristics (T, = 25°C, unless otherwise specified, see test dircuit)

Parameter Conditions LM1596 Lm1496 Units
Min | Typ | Max | Min | Typ | Max
Carrier Feadthrough Vg = 60 mVrms sine wave 40 40 wVrms
fc = 1.0 kHz, offset adjusted
V¢ = 60 mVrms sine wave 140 140 pVrms
fc = 10 kHz, offset adjusted
Vg = 300 mVpg square wave 0.04) 0.2 004 0.2 | mVrms
fc = 1.0 kHz, offset adjusted
Vg = 300 mVp; square wave 20 | 100 20 | 150 | mVrms
fc = 1.0 kHz, not offset adjusted
Carrier Suppression fg = 10 kHz, 300 mVrms 50 | 65 50 | 65 dB8
f¢ = 500 kHz, 60 mVrms sine wave offset adjusted
fs = 10 kHz, 300 mVrms 50 50 dB
fc = 10 MHz, 60 mVrms sine wave offsaet adjusted
Transadmittance Bandwidth R = 500 300 300 MHz
Carrisr Input Port, Vo = 60 mVrms sine wave
ts = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave 80 80 MHz
V7 ~ Vg = 0.5Vdc
Voltage Gain, Signal Channel Vg = 100 mVrms, f= 1.0 kHz
Vy — Vg = 0.5 Vdc 25135 25| 35 Vv
Input Resistance, Signal Port f = 50MHz
Vs - Vg = 0.5 Vdc 200 200 Kk
Input Capacitance, Signal Port f=50MHz
V7 — Vg = 0.5 Vdc 20 20 PF
Single Ended Qutput Resistance | f = 10 MHz 40 40 kN
SlngleAEnded Output f=10MHz 5.0 50 pF
Capacitance
Input Bias Current {14 + 14)/2 12 25 12 30 uA
Input Bias Current (17 + 1g}/2 12 25 12 30 nA
Input Oftset Current 1~ lg) 07 | 50 07 | 50 mA
Input Offset Curront Iz — lg) 0.7 ) 50 50 | 5.0 pA
Average Temperature (—55°C < Ta < +125°C) 20 nA/°C
Coefficient of Input {0°C < Ty < +70°C) 20 nA/°C
Offset Current
Output Offset Current {lg — lg} 14 | 50 14 | 60 nA
Average Temperature {—55°C < Ta < +125°C) 90 nA/°C
Coafficient of Output (0°C < Ty < +70°C) 90 nA/°C
Offset Current




Electrical Characteristics (75 = 25:C. unless otherwise specified. see test circuit) (Continued)

Parameter Conditions LM1396 LM1498 Units
Min Typ Max Min Typ Max
Signai Port Common Mode fs = 1.0kHz
Input Voitage Range 50 50 Vop
i Vy —Vg=05V

S|gnal 'Port Cgmmon Mode 7 s = 0.5 Vdc 85 85 o8
Rejection Ratio
Commaon Mode Quiescent
Output Voltage 8.0 80 vde
Differential Output Swing
Capability 8.0 8.0 Voo
Positive Supply Curtrent (lg + li) 2.0 3.0 20 3.0 mA
Negative Supply Current [{TT)] 3.0 40 3.0 4.0 mA
Power Dissipation 33 33 mw

Note 1: LM1586 rating apphes to case temperalures to + 125°C; derate linearly at 6.5 mW/°C for ambient lemperature above 75°C. LM1496 rating applies to case

temperatures to + 70°C.

MNote 2: Voltage applied between pins 6-7, 8-1, 8.7, 9.8, 7-4, 7-1, 8.4, 6.8, 2.5, 3.5,
Note 3: Reler to rete1596x drawing for spacifications of military LM1596H versions.

Typical Performance Characteristics
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Typical Application and Test Circuit
Suppressed Carrler Modutator

1k
- AN -T- O +12V
J- 51 R 2,47 uf
0.1 uF ® S5 L1k | S o<
| 2(2) 33) = < 3.9k :: 3.9k
s 7(8)
— 6 O +Y
CARRIER L s6) 0
weut Ovg I 810)
¢ oruF
Vg L1596
MODULATION
o 1(1)
INPUT %12) O =Vg
“4)
10(14) 5{(5
Mok ok 251 L £)
o5
>
AA ‘
vy 47 wF 6.8k
CARRIER _— Numbers in parentheses show DIP connections.
NULL - I
3{ o
0 =
-av
Note: S; is closed for “‘adjusted” measurernents. TL/H/76887 -4
$SB Product Detector
+3 VYDC
1k
22 5
CARRIER INPUT 2) X
(= 7(8)
300 m¥rms 6(6)
_]_—W\'H 8(10)
1 uF = - LM1596
558 SIGNALC 4 ()
INPUT LAY 8{12) DEMODULATED
AF QUTPUT
—] 44
10{14) 5(5)
1
AAA
vy
| 1k 1k 6.8x Numbers in parenth show DIP 1S,
—r "v .v"‘v
- Q -
=8 Yde
TL/H/7B87-6
This ligure shows the LM1596 used asa single si (SSB) supp carer (product detactor). The carrier signal is applied o the carrier input
port with i fi for g op . A carrier input kevael of 300 mY¥rma i optimum. The composite SSB signal is applied 1o the signal input port
with an amplitude of 5.0 to 500 m¥rms. Ar! output signal camponenls excepl the desired demadulated audio are filtered out, so that an olfsat adjustment is not
required. This circuit may also be used as an AM 9 ite and carier signals in the sama manner as described for product detector

operation.




Typical Applications (continuad)

e, cosok O

Broadband Frequency Doubler

The frequancy doubler circuit shown will doubla low-levei signals with low distortion. Tha valua of C should be chosan for low

*12 Vde
1k ?
1k r——Mv\—-l
1% |
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Signal laval at tha carrier input must ba less than 25 mV peak to maintain operation in the linear region ol tha switching differential ampiifier, Levels 1o 50 mV peak
may be used with some distortion of the outout waveform. It a larger input signal is available a resistive divider may be used at the carner input, with full signal
applied to tha signal input.







Physical Dimensions inches (milimeters)
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LM1596/LM1496 Balanced Modulator-Demodulator

Physical Dimensions inches (milimeters) (Continued)
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LIFE SUPPORT POLICY

e

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR GORPORATION. As used herain:

1. Life support devices or systems are devices or

2. A critical component is any component of a life

systoms which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in tha labeling, can

support device or system whose failure to perform can
be reasonably expected to cause the failure of the lifa
support device or system, or to affect its safety or
effectiveness.

be reasonably expected to result in a significant injury
to the user.
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FEATURES

Low-Sine Wave Distortion, 0.5%, Typical
Excellent Temperature Stability, 20ppm/°C, Typ.
Wide Sweep Range, 2000:1, Typical

Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Modulation

TTL Compatible FSK Controls

e Wide Supply Range, 10V to 26V

e Adjustable Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

June 1997-3
APPLICATIONS

o Waveform Generation
® Sweep Generation

e AM/FM Generation

¢ V/F Conversion

¢ FSK Generation

® Phase-Locked Loops {VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an external
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusoidal tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external control voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2206M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 Lead 300 Mii PDIP —40°C to +85°C
XR-2206CP 16 Lead 300 Mil PDIP 0°C to +70°C
XR-2206D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

TEOM"

EXAR Corporation, 48720 Kato Road, Fremont, CA 94538 & (510} 668-7000 @ (510) 668-7017
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XR-2206 o e

11} SYNCO
— Tet (O—
Timing
Capacitor vCeo -~
L— w2 (6

\
..|’_7’<_

1 (D———
Timing r

Resistors Current Multiplier

[ TRo Switches And Sine +1 2} STO
. Shaper

Fski (Q————

amsi (3) (D wo

WAVEA1 @

waveaz (19)

SYMA1 @
symaz (15}

Figure 1. XR-2206 Block Diagram
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72 EXAR  XR-2206

AMSI [1] SYMA2 amst =fl1 © telln symaz
STO % SYMAT sTo =2 sl sYMAT
MO |3 WAVEA2 Mo |3 14 WAVEA2
vee [2] WAVEA1 Vee = ¢ 132 WAVEA1
TC1 [5] GND TC1 =5 2l oND
1C2 [6] SYNCO T2 =6 1| synco
TR1 [Z] BIAS TR =7 ol pas
TR2 [&] FSKI TR2 TH|8 s | FSKI
16 Lead PDIP, CDIP {0.300"
» CDIP ( ) 16 Lead SOIC (Jedec, 0.300")
PIN DESCRIPTION
Pin # Symbol Type |Description
1 AMSI l Amplitude Modulating Signal Input.
2 STO 0 Sine or Triangle Wave Output.
3 MO 0 Multiplier Output.
4 Vee Positive Power Supply.
5 TC1 | Timing Capacitor Input.
6 TC2 | Timing Capacitor Input.
7 TRA 0 Timing Resistor 1 Qutput.
8 TR2 0 Timing Resistor 2 Qutput.
9 FSKI | Frequency Shift Keying Input.
10 8IAS O Internal Voltage Reference.
11 SYNCO 8] Sync Output. This output is a open collector and needs a pull up resistor to Vgc.
12 GND Ground pin.
13 WAVEA1 | Wave Form Adjust Input 1.
14 WAVEA2 | Wave Form Adjust Input 2.
15 SYMA1 I Wave Symetry Adjust 1.
16 SYMAZ i Wave Symetry Adjust 2.

3

TOM’
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DC ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 2 Vecec =12V, Ty = 25°C, C = 0.01uF, R1 = 100k, Rz = 10k, R3 = 25kQ
Unless Otherwise Specified. S open for triangle, closed for sine wave.

XR-2206M/P XR-2206CP/D
Parameters Min. I Typ. | Max, | Min. I Typ. I Max. | Units | Conditions

General Characteristics

Single Supply Voltage 10 26 10 26 \Y

Split-Supply Voltage +5 +13 +5 +13 Vv

Supply Current 12 17 14 20 mA Ry = 10kQ

Oscillator Section

Max. Operating Frequency 0.5 1 05 1 MHz ]C=1000pF, Ry =1kQ

Lowest Practical Frequency 0.01 0.01 Hz C =50pF, Ry=2MQ

Frequency Accuracy +1 +4 +2 % of f5 {f, = 1/R,C

Temperature Stability +10 +50 +20 ppm/°C |0°C < Tp < 70°C

Frequency Ry = Ry = 20kQ

Sine Wave Amplitude Stability2 4800 4800 ppm/°C

Supply Sensitivity 0.01 0.1 0.01 %V | Viow = 10V, Vg = 20V,

R1 =Ry =20k
Sweep Range 1000:1 { 2000:1 2000:1 fh=f |fr@Rqy=1kQ
fL@Rq =2MQ

Sweep Linearity
10:1 Sweep 2 2 % fL = 1kHz, fy = 10kHz
1000:1 Sweep 8 B8 % fL= 100Hz, fy = 100kHz
FM Distortion 0.1 0.1 % +10% Deviation

Recommended Timing Components
Timing Capacitor: C 0.001 100 | 0.001 100 uF Figure 5
Timing Resistors: Ry & Rz 1 2000 1 2000 (19

Triangle Sine Wave Output! Figure 3
Triangte Amplitude 160 160 mvikQ | Figure 2, S4 Open
Sine Wave Amplitude 40 60 80 60 mV/kS2 | Figure 2, S4 Closed
Max. Output Swing 6 6 Vp-p
Output Impedance 600 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 0.5 0.5 dB For 1000:1 Sweep

Sine Wave Distortion
Without Adjustment 25 25 % R4 = 30kQ
With Adjustment 04 1.0 0.5 1.5 % See Figure 7 and Figure 8

Notes

T Qutput amplitude is directly proportional to the resistance, Rz, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Ry should be a positive temperature coefficient resistor.
Bold face parameters are covered by production test and guaranteed over operating temperature range.

oM™
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DC ELECTRICAL CHARACTERISTICS (CONT'D)

XR-2206

XR-2206M/P XR-2206CP/D

Parameters Min, | Typ. l Max. | Min. I Typ. I Max. [ Units | Conditions
Ampiitude Modulation

Input Impedance 50 100 100 ke

Modulation Range 100 100 %

Carrier Suppression 55 55 dB

Linearity 2 2 % For 85% modulation
Square-Wave Qutput

Amplitude 12 i2 Vp-p |Measured at Pin 11.
Rise Time 250 250 ns C = 10pF

Fall Time 50 50 ns C_ = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 v I =2mA

Leakage Current 0.1 20 0.1 100 nA Voo =26V

FSK Keying Level (Pin 9) 0.8 1.4 24 0.8 1.4 2.4 v See section on circuit controls
Reference Bypass Voltage 2.9 31 33 25 3 3.5 A" Measured at Pin 10.
Notes

! Qutput amplitude is directly proportional to the resistance, Ry, on Pin 3. See Figure 3.
2 For maximum amplitude stability, Rz should be a positive temperature coefficient resistor,
Bold face parameters are covered by production test and guaranteed over operating temperature range.

Specifications are subject to change without notice

ABSOLUTE MAXIMUM RATINGS

PowerSupply ........covii i, 26V Total Timing Current ........................ 6mA
Power Dissipation ....................... 750mW Storage Temperature ............ -65°C to +150°C
Derate Above 25°C ...................... SmW/°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of four functional blocks; a
voltage-controlled oscillator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set of
current switches.

The VCO produces an output frequency proporticnal to
an input current, which is set by a resistor from the timing

ATV EV S S VA

terminals to ground. With two timing pins, two discrete
output frequencies can be independently produced for
FSK generation applications by using the FSK input
control pin. This input controls the current switches which
select one of the timing resistor currents, and routes it to
the VCO.

TOM™
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Figure 9. Frequency Drift versus Figure 10. Circuit Connection for Frequency Sweep.
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Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
(See Figure 3 for Choice of Rj)
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Figure 12, Circuit for Sine Wave Generation with Minimum Harmonic Distortion,
(R3 Determines Output Swing - See Figure 3)
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Figure 13. Sinusoidal FSK Generator
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Figure 14. Circuit for Pulse and Ramp Generation.

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing
resistors, Ry and R2, connected to the timing Pin 7 and 8,
respectively, as shown in Figure 13. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage > 2V, only
R4 is activated. Similarly, if the voltage level at Pin 9 is
<1V, only R, is activated. Thus, the output frequency can
be keyed between two levels. f; and f, as:

f1 =1/RqC and f, = 1/R,C

For split-supply operation, the keying voltage at Pin 9 is
referenced to V.

Output DC Level Control

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figure 11, Figure 12 and
Figure 13, Pin 3 is biased midway between V+ and
ground, to give an output dc level of ~= V*/2.

ATETY L DL LD L &

10

APPLICATIONS INFORMATION
Sine Wave Generation

Without External Adjustment

Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer,
R at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is < 2.5%. If lower sine wave
distortion is desired, additional adjustments can be
provided as described in the following section.

The circuit of Figure 11 can be converted to split-supply
operation, simply by replacing all ground connections
with V-. For split-supply operation, R3 ¢an be directly
connected to ground.

M’
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With External Adjustment:

The harmonic content of sinusoidal output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12. The potentiometer, Rp, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmetry. The adjustment
procedure is as follows:

1. SetRg at midpoint and adjust Rp for minimum
distortion.

2. With Ry set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 11 and Figure 12 can be converted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., S5 open). Amplitude of the triangle is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinusoidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
Ry and Rjy; the output is phase-continuous during
transitions. The keying signal is applied to Pin 9. The
circuit can be converted to split-supply operation by
simply replacing ground with V-,

Pulse and Ramp Generation

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying
terminal (Pin 9) is shorted to the square-wave output (Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 99% by the choice of Ry and R,. The values of Ry and
R2 should be in the range of 1kQ to 2MQ.
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PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of oscillation, f,, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8. The
frequency is given as:

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kQ <R < 200kQ. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportionat to the total timing
current, Iy, drawn from Pin 7 or 8:

320/ (mA)

f-——C(u—F.)—Hz

Timing terminals (Pin 7 or 8) are low-impedance points,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with IT, over a wide range of
current values, from 1pA to 3mA. The frequency can be
controlled by applying a control voltage, V¢, to the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VC as:

-1 R _Ve
f= RC(1 + Rc( 3))Hz

where V¢ is in volts. The voltage-to-frequency conversion
gain, K, is given as:

K= affav, = - 932

R.C Hz/v

CAUTION: For safety operation of the circuit, lr shouid be
limited to << 3mA.

TEM
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Output Amplitude:

Maximum output amplitude is inversely proportionat to
the external resistor, R3, connected to Pin 3 (see
Figure 3). For sine wave output, amplitude is
approximately 60mV peak per kQ of Ra; for triangte, the
peak amplitude is approximately 160mV peak per k2 of
Rs. Thus, for example, Ry = 50kQ would produce
approximately 13V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bias
and a modulating signal to Pin 1. The internal impedance

11
9

Vee

L]

15V2 5
? @

72 EXAR

at Pin 1 is approximately 100kQ. Output amplitude varies
linearly with the applied voltage at Pin 1, for values of d¢
bias at this pin, within 14 volts of V/2 as shown in
Figure 6. As this bias level approaches V¢/2, the phase
of the output signal is reversed, and the amplitude goes
through zero. This property is suitable for phase-shift
keying and suppressed-carrier AM generation. Total
dynamic range of amplitude modulation is approximately
55dB.

CAUTION: AM control must be used in conjunction with a
weil-requlated supply, since the output amplitude now becomes
a function of Vioe.
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Figure 15. Equivalent Schematic Diagram
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7 EXAR o XR-2206

16 LEAD CERAMIC DUAL-IN-LINE
(300 MIL CDIP)

Rev. 1.00
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INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.100  0.200 254 5.08
Aq 0.015  0.060 0.38 1.52
B 0.014  0.026 0.36 0.66
B, 0.045  0.065 1.14 1.65
0.008 0.018 0.20 0.46
D 0740  0.840 18.80 21.34
E, 0.250  0.310 6.35 7.87
E 0.300 BSC 7.62BSC
e 0.100 BSC 2.54 BSC
L 0.125  0.200 3.18 5.08
0. 0° 15° 0° 15°

Note: The control dimension is the inch column
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16 LEAD PLASTIC DUAL-IN-LINE
(300 MIL PDIP)

Rev. 1.00
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16 9 I
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1 8 ¥

I—ll._.lul_]l—ll—ll—ll.—}

Az
Seating __A |
Plane L ;

[
ik - -
B1
INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.145 0.210 3.68 5.33
Aq 0.015 0.070 0.38 1.78
Agy 0.115 0.195 2.92 4.95
B 0.014 0.024 0.36 0.56
B4 0.030 0.070 0.76 1.78
C 0.008 0.014 0.20 0.38
0.745 0.840 18.92 21.34
E 0.300 0.325 7.62 8.26
E4 0.240 0.280 6.10 1
5] 0.100 BSC 2.54BSC
BA 0.300 BSC 7.62BSC
eg 0.310 0.430 7.87 10.92
L 0.115 0.160 2.92 4.06
[+ Q° 15° ao° 15°

Note: The control dimension is the inch column
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¥2* EXAR ~ XR-2206

16 LEAD SMALL OUTLINE
(300 MIL JEDEC SOIC)

Rev. 1.00
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Plane _.| ol- __”-_ 1;1—_

ptly——————— ]~}

INCHES MILLIMETERS
SYMBOL MIN MAX MIN MAX
A 0.093 0.104 2.35 2.65
Ay 0.004 0.012 0.10 0.30
B 0.013 0.020 0.33 0.51
C 0.009 0.013 0.23 0.32
D 0.398 0.413 10.10 10.50
E 0.291 0.299 7.40 7.60
e 0.050 BSC 1.27 BSC
H 0.394 0.419 10.00 10.65
L 0.018 0.050 0.40 1.27
o 0° a° 0° 8°

Note: The control dimension is the millimeter column
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NOTICE

EXAR Corporation reserves the right to make changes to the products contained in this publication in order to im-
prove design, performance or reliability. EXAR Corporation assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license under any patent or other right, and makes no representation that the circuits are
free of patent infringement. Charts and schedules contained here in are only for illustration purposes and may vary
depending upon a user’s specific application. While the information in this publication has been carefully checked;
no responsibility, however, is assumed for inaccuracies.

EXAR Corporation does not recommend the use of any of its products in life support applications where the failure or
malfunction of the product can reasonably be expected to cause failure of the life support system or to significantly
affect its safety or effectiveness. Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assurances to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c¢) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1972 EXAR Corporation
Datasheet June 1997
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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