LTG1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

D3193, JANUARY 1989

® Plug-In Compatible with the 7660 with LTC1044M . . . JG PACKAGE
These Additional Features: LTC1044C . . . D, JG, OR P PACKAGE
® Operation to 9 V Over Full Temperature (TOP VIEW)
Range with No External Protection BoosT [[T T s vpp
Diodes cap+ [J2  20osc
. g;c:]s:::‘l:yfor Higher Switching ono s sLv
CAP- (]a s5|]v
o 2 1/2 Times Lower Quiescent Power . [vo
e Efficient Voltage Doubler
L PACKAGE
® No-Load Supply Current at (TOP VIEW)
5V...200 pA Max VoD 2

® Open-Circuit Voitage Conversion
Efficiency . .. 97% Min

[

® Power Conversion Efficiency . . . 95% Min §
® Operating Supply Voitage Range ... 1.5V L
togVv /7]

¢ Commercial Device Operates from —40°C 2
to 85°C ©

(=]

description

The LTC1044 is a monolithic CMOS switched-capacitor voltage converter manufactured using CMOS silicon-
gate technology. The LTC1044 provides several voltage conversion functions; the input voltage can be
inverted (VQ = —V)), doubled (Vo = 2V)), divided (VO = V|/2), or multiplied (Vo = =nV)).

Designed to be pin-for-pin and functionally compatible with the 7660, the LTC1044 offers significant new
design and performance advantages while still maintaining compatibility with existing 7660 designs.

The LTC1044M is characterized for operation over the full military temperature range of —55°C to 125°C. The
LTC1044C is characterized for operation from —40°C to 85°C.
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LTC

1044

SWITCHED-CAPACITOR VOLTAGE CONVERTER

absolute maximum ratings over operating free-air temperature ranget

SUPPIY VORAGE, VDD -+« « vttt e 95V
Input voltage range (pins 1,6,and7,seeNote 1) . ........ .. ... ......... —-0.3VtoVpp + 0.3V
Inputcurrent, I} (PINB) . . . ..o o e e 20 pA
Duration of output shortcircuit (VGC+ < 85V) .. ... o unlimited
Operating free-air temperature range: LTC1044M . . ... .. ... ... ... .. ... —55°C to 125°C
LTC1044C ... .. .. ... . e —40°C to 85°C
Storage temperature range ... ... .. —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package . . .. ........... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ............ 260°C
2 Lpackage ................ 300°C
t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
] conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
g* recommended operating conditions
(7)) LTC1044M LTC1044C UNIT
= MIN MAX MIN MAX
8 Vpp  Supply voltage (R = 10 k2, see Note 1) 15 9 1.5 9 v
- |V Input voltage {pins 1, 6, and 7, see Note 2) -0.3 Vpp+03| -03 Vpp+0.3 \
» Ta Operating free-air temperature -55 125 —40 85 °C
NOTES: 1.The LTC1044 operates with alkaline, mercury, or NiCad 8-V batteries, even when the initial battery voltage is slightly higherthan 9 V.
2. Connecting any input terminal to voltages substantially greater than Vpp or less than ground may cause destructive latch-up. It is
recommended that no inputs from sources operating from external supplies be applied prior to power-up of the LTC1044,
3
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

electrical characteristics ats

pecified free-air temperature, Vpp = 5V (unless otherwise noted, see

Figure 1)
PARAMETER TEST CONDITIONS 'y LTC1044M LTC1044C UNIT
A MIN TYP MAX|MIN TYP MAX
25°C 100 100
lo = 20mA, f = 5 kH
o Output resistance 0 =20mA fosc z Full range 150 130] o
VDD =2V, Il =3mA, fosc = 1 kHz | Full range 400 325
. VDD =5V, Cogc = 1 pF, See Note 3 5 5
f Hator f kH.
osc  Oscillator frequency VoD = 2V, Cose = T oF, See Note 3 Full range T 7 z
Mp  Power efficiency Ry = 5k, fogc = 5 kHz 25°C 95 98 95 98 %
Voltage conversion _ N 2
™O  eficiency RL = 25°C 97 99.9 97 99.9 %
Oscillator sink o V, =0orVpp, PntatoVv 3 3
losc scillator sink or osc or Vpp !n Full range WA
source current Vosc = 0 orVpp, Pin 1atVpp 20 20 [/
- - -’
R = ®, Pins 1 and 7 no connection 60 200 60 200
oo Suppl t 25°C A -y
DD Supply curren RL = =, Pins 1and 7 Vpp = 3V 5 20 20 " O
T Full range is —55°C to 125°C for the LTC1044M and —40°C to 85°C for the LTC1044C. 5
NOTE 3:  fogc is tested with Cogc at 100 pF to minimize the effects of test fixture capacitance loading. The 1-pF frequency is correlated to this
100-pF test point and is intended to simulate the capacitance at pin 7 when the device is plugged into a test socket and no external s
capacitor is used. o
PARAMETER MEASUREMENT INFORMATION
Vpp = 5V
I
E N4 5
—2] 61— .
LTC1044 Ry L
c1_l+ ]  EXTERNAL p
10 4F 'T 3 ﬂ—| | OSCILLATOR
4 81—
— —l— \J_, ——» vpo
- ~ C J_c2
T 0% T4 10 4F
1 <
FIGURE 1. TEST CIRCUIT
i
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LTC1044

SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL CHARACTERISTICSt

SUPPLY CURRENT
vs
SUPPLY VOLTAGE

OUTPUT RESISTANCE
Vs
SUPPLY VOLTAGE

400 — 1000 T . .
RL = . Iop = 3mA —
360 N TA = 25°C—
<
-8
] 320 N
£ 280 T N ¢ 100 pF
(3 -
2 § / 3 \ \\ 0sc P
© 240 / ] \ SN
2 / 2 \ Cosc = 0 ]
£ 200 2 100 "
g 3 / :
Q
8 sweo / 2
o 3 /| 3 [ |
2 120 o 3
v // |° g
I 2 80 s |
® ° // |
il 40
[/ ]
0 10
0 1 2 3 4 5 6 7 8 9 10 0o 1 2 3 4 5 6 7 8 9 10
Vec—Supply Voltage—V Vpp—Supply Voltage—V
FIGURE 2 FIGURE 3
OUTPUT RESISTANCE OUTPUT RESISTANCE
vs Vs
FREE-AIR TEMPERATURE OSCILLATOR FREQUENCY
400 T T T 500 v
C1 = C2 = 10 4F Vpp =5V
360 Io = 10 mA{]
C1 = C2 = 10 uF Ta = 26°C
320 o 400 . t—ttttt
o VDD = 2 V. foge = 1 kHz | | \ AC1 = C2 = 14F
L 280 " 3
o B c
§ 240 2 300
.E’ I S
2 &
2 200 « \
3 160 2 200
g ]
8 120 S N
|
| \Y =5V, f = 5 kH
2 gol—2 os¢ N el ° 100 \\‘ \\‘ N
| N \\ )-.—-"'
a0 =
C1 = C2 = 100 4F
0 0 L 4 1l 1
-56 -25 0O 25 50 75 100 125 0.1 1 10 100
Ta—Free-Air Temperature— °C fosc —Oscillator Frequency —kHz
FIGURE 4 FIGURE 5
1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the two devices.
{
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL CHARACTERISTICSt

OSCILLATOR FREQUENCY
vs
EXTERNAL CAPACITOR

OSCILLATOR FREQUENCY
Vs
SUPPLY VOLTAGE

100 100
= Vpp = 5V EPIN 1 OPEN
= Ta = 25°C Cosc = O
s Ta = 25°C
z 3 | : (°
I} 10 PIN 1 at Vpp == T
@ HH Z 10
& I § 2
z i H
@
£ PIN 1 OPEN E 7 @
S = - , =]
g ! 8 o
1] T 1l -
= A = o
Q T 1 K=
0 Q
[o 0N
1 0.1 <|> n
] = 8 ol
)
£ L 1
(a]
0.01 0.1
1 pF 10 pF 100 pF 1 nF 10 nF 0 1 2 3 4 5 6 7 8 9 10
Cogsc—External Capacitor V¢ —Supply Voltage—V
Pi
{Pin 7 to Ground) FIGURE 7
FIGURE 6
OSCILLATOR FREQUENCY POWER CONVERSION EFFICIENCY
Vs vs
FREE-AIR TEMPERATURE OSCILLATOR FREQUENCY
15 T y 100
Vpp = 5V 100 4F Vop = 5V
14 |-PIN 1 OPEN L 98 s C1 = C2
~ Cosc = O | ' b PTA = 25°C
T3 > 96 4 " N
| £ 10 uF |/ V2 \
E 12 ‘s 94 " 4 IA N
g \ & Y 1 y.F‘ o = 1TmA \
2 w 2 T
31 Y 92— £
e \ g / \
% 10 2 90
5 N g A ¥
3 9 c 88 ]
3 o I'[ V100 uF 10 = 15 mA DN
g - 1|/ i A
o 8 g 86(7 /
A 3 1/
a 7 . ga 4
L N L | |/ 10 1 uF
i S Al I
5 80 h /
~556 -25 0 25 50 75 100 125 0.1 1 10 100
Ta —Free-Air Temperature — °C fosc—Oscillator Frequency —kHz
FIGURE 8 FIGURE 9
1t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the two devices.
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL CHARACTERISTICS

POWER CONVERSION EFFICIENCY POWER CONVERSION EFFICIENCY
and SUPPLY CURRENT and SUPPLY CURRENT
vs vs
OUTPUT CURRENT OUTPUT CURRENT
100 10 100 100
2 90 Van 9 g 90 90
| p | / \\'Ip
>80 8 > 80 80
2 g <« & \\/ <
g 70 \ 1§ g7 70§
o & 60 ‘.\ 65 T 6o N 60 5
] £ S £
O Fs50 \ 56 £ 50 \ 50 O
g 3 ' z 3 ' 3
§ 40 42 S 40 40 ©
w o Ipp g ° Iop a
I 530 31 $30 30 |
® 3 o £ 0
® <20 Voo = 2V 22 20 Vop - SV 120 °
6 L fosc = 1 kHz lg fosc = 5 kHz
- C1 =C2 = 10 4F | 4 10 C1=C2=104F |
Ta = 25°C / TA = 25°C
0 L 1 | 0 0 1 i ] 0
[} 1 2 3 4 5 6 7 0 10 20 30 40 50 60 70
10— Output Current—mA 10— Output Current—mA
FIGURE 10 FIGURE 11
OUTPUT VOLTAGE OUTPUT VOLTAGE
Vs vs
OUTPUT CURRENT OUTPUT CURRENT
2.5
1.1 ° \ 1]
2 Vpp =2V ] a \ Vpp=5V
\\ fosc = 1 kHz \ fosc = 5 kHz
1.5 S Ta = 25°C — 3 \ Ta = 25°C
> \\ > \
P N b2 Y
e \ o
& 05 % 1
s \ S, \
2 )L g /
§-05 o, 2 a -1
8 e .
-1 S o -2
9 L > /, ,/0’@
-1.5 -3 .
2 A a /,9;0??«
“1
<&
-25 -5
o 1 2 3 4 5 6 7 8 9 10 0 10 20 30 40 50 60 70 80 90 100
I0—Output Current—mA ig—Output Current—mA
FIGURE 12 FIGURE 13
¢
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

theory of operation

To understand the theory of operation of the LTC1044, a review of a basic switched-capacitor building block is
helpful. In Figure 14, when the switch is in the left position, capacitor C1 charges to voltage V1. The total
charge on C1is g1 = C1 + V1. The switch then moves to the right, discharging C1 to voltage V2. After this
discharge time, the charge on C1is g2 = C1 « V2. Note that charge has been transferred from the source, V1,
to the output, V2. The amount of charge transferred is calculated as follows:

Ag=ql — g2 =C1{(V1 —V2).

If the switch is cycled f times per second, the charge transfer per unit time (i.e., current) is calculated as
follows:

I=fx Ag=fx C1(Vl ~ V2).

Rewriting in terms of voltage and impedance equivalence,
| Vi -V2 Vi-V2
(1/C1) Req
where Rgq is defined as Rgq = 1/fC1. The equivalent circuit for the switched-capacitor network is shown in
Figure 15.
V1 v2
Req

\Al v2
f

c2
c1 c2 H
T I =S NOTE: Req = fé—1

R

FIGURE 14. SWITCHED-CAPACITOR FIGURE 15. SWITCHED-CAPACITOR
BUILDING BLOCK EQUIVALENT CIRCUIT

Examination of Figure 16 shows that the LTC1044 has the same switching action as the basic switched-
capacitor building block, with the addition of finite switch on-state resistance and output voltage ripple.

The simple theory, although not exact, helps illustrate how the device operates. For example, it explains how
the LTC1044 behaves in Figure 9. The loss, and hence the efficiency, is determined by the output impedance.
As frequency is decreased, the output impedance is eventually dominated by the 14C1 term, and power
efficiency drops. Figure 9 shows this effect for various capacitor values.

Note also that power efficiency decreases as frequency increases. This is caused by internal switching losses
that occur because some finite charge is lost in each switching cycle. This charge loss per unit cycle, when
multiplied by the switching frequency, becomes a current loss. At high frequency, this loss becomes
significant, and the power efficiency starts to decrease.

Data Sheets

Texas *ff 2.65
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LTG1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

VoD
swi1 sw2
| (8) ~ CAP+
2 4
[ |
[ * |
{1) ¢ c1 >

BOOST —— —.’l

osc +2
_0)/ L] _0/11_ 55 ve
icz
I

CAP-

6}
Lv

(3)
GND

N

CLOSED WHEN
Vpp =23V

I—o—e

FIGURE 16. LTC1044 SWITCHED-CAPACITOR VOLTAGE CONVERTER BLOCK DIAGRAM

LV (pin 6)

The internal logic of the LTC1044 runs between Vpp and LV (pin 6). For Vpp = 3V, an internal switch shorts
LV to GND (pin 3). The LV pin can be tied to ground or left floating. For Vpp < 3V, the LV pin should be tied to
GND.

OSC (pin 7) and BOOST (pin 1)

The switching frequency can be raised, lowered, or driven from an external source. Figure 17 shows a
functional diagram of the oscillator circuit. By connecting the boost pin (pin 1) to Vpp, the charge and
discharge current is increased, thereby increasing the frequency by a factor of approximately 7. Increasing
the frequency decreases output impedance and ripple for higher load currents. Loading pin 7 with more
capacitance lowers the frequency. Using the boost pin (pin 1) in conjunction with external capacitance on
pin 7 allows the user to select the frequency over a wide range.

Driving the LTC1044 from an external frequency source can easily be achieved by driving pin 7 and leaving
the boost pin open, as shown in Figure 18. The output current from pin 7 is small, typically 0.5 WA, so a logic
gate can drive this current. Using a CMOS logic gate is preferable because it can operate over a wide supply
voltage range (3 V to 15 V) and has enough voltage swing to drive the internal Schmitt trigger shown in
Figure 17. For 5-V applications, a TTL logic gate can be used by simply adding an external pull-up resistor
(see Figure 18).

EXAS W
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

(1)

BOOST —@—»
\lo_4 7
ey
7). SCHMITT 8
0sC  TRIGGER £
7
== ~14 pF s
©
(a]
I ol
6)
v ¢ °

FIGURE 17. OSCILLATOR
VDD(+)

REQUIRED FOR

\— < TTL LOGIC
oPEN— 7] 8 100 ka
2 7 0SC INPUT
+ LTC1044
o= 3] 6
{4 [6]——o—»VoD(-)
c2xx
+

|IH

FIGURE 18. EXTERNAL CLOCKING

external diode (Dy)

Previous circuits of this type have required a diode between VO (pin 5) and the external capacitor C2 for
voltages above 6.5V (5 V for military temperature range). The improvements in the LTC1044 circuit design
and Texas Instruments LInCMOS™ silicon-gate process have eliminated the need for this diode. The
LTC1044 operates from 1.5 V to 9 V without the protection diode over all temperature ranges. The LTC1044
will operate without any problems in existing LTC7660 designs that use the protection diode as long as the
maximum recommended supply voltage of 9 V is not exceeded.

LinCMOS is a trademark of Texas Instruments Incorporated.
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

capacitor selection

External capacitors C1 and C2 are not critical. They do not have to be high quality or have tight tolerance, nor
is matching required. Aluminum or tantalum electrolytics are excellent choices, with cost and size being the

only consideration.

negative voltage converter

sjaays eieq BN

Figure 19 shows a typical connection that provides a negative supply from an available positive supply. This
circuit operates over full temperature and power supply ranges without the need for external diodes. The LV
pin (pin 6) is shown grounded, but for Vpp = 3V, it may be floated, since LV is internaily switched to ground
(pin 3) for Vpp = 3 V.

The output voltage (pin 5) characteristics of the circuit are those of a nearly ideal voltage source in series with
an 80-() resistor. The 80-() output impedance is composed of two terms —the equivalent switched-capacitor
resistance (see Theory of Operation) and a term related to the on-state resistance of the MOS switches. At an
oscillator frequency of 10 kHz and C1 = 10 puF, the first term is:

1 1

= =200

(fosc/2) x C1 5x 103 x 10 x 10—6
Notice that the equation for Req is not a capacitive reactance equation (X = 1/wC) and does not contain a 2
term. While the exact expression for output impedance is extremely complex, the dominant effect of the
capacitor is clearly shown in the typical curves of output impedance and power efficiency versus frequency.
For C1 = C2 = 10 uF, the output impedance goes from 60 Q2 at fogc = 10 kHz to 200 () at fogc = 1 kHz. As the
1/fC term becomes large compared to the switch on-state resistance term, the output resistance is
determined by 1/fC only.

Req =

Vpp (1.5 VTO 9 V)

Vo = -VpD
10 uF

E ./ E_J
E_| 2 7
+ LTC1044 j
10 4F == pa [6]- - REQUIRED FOR Vpp < 3 V

+ L

FIGURE 19. NEGATIVE VOLTAGE CONVERTER

voltage doubling

Figure 20 illustrates two methods of voltage doubling. In Figure 20(a), doubling is achieved by simply
rearranging the connection of the two external capacitors. When the input voltage is less than 3 V, an external
1-MQ resistor is required to ensure that the oscillator starts; it is not required for higher input voltages.

In this application, the ground input (pin 3) is taken above Vpp (pin 8) during power-on, making it prone to
latch-up. The latch-up, while not destructive, prevents the circuit from doubling. Resistor R1 is added to
eliminate this problem; in most cases, 200 {} is sufficient. It may be necessary in a particular application to
increase this value to guarantee start-up. The voltage drop across R1is VR1 = 2 x Ig x R2. If this voltage
exceeds two diode drops (1.4 V for silicon, 0.8 V for Schottky), the circuit in Figure 20(a) is recommended
because it will never have a start-up problem.

2-68
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

Vi(1.5VTOS V)
1N914

lo
—
200 @ ~ +2V| (3V TO 18 V)
3]
LTC1044
c1 6} — _l_c2
10 4F —].1 ma |10 sF
s [ 5 o - REQUIRED FOR 2
l | Vi<3V
(a) 3
Q
A _2
N5VTO9V)
l 7]
8] R
©
2 7 "
LTC1044 a ° v a
3 6]- ] REQUIRED FOR 0 Vo = 2(Vi - 1)
Vpp < 3V 0= W -
ry E] l DD . .
1 Tw uF Tm uF
{b)

FIGURE 20. VOLTAGE DOUBLER

ultra-precision voltage divider

An ultra-precision voltage divider is shown in Figure 21. To achieve the 0.0002% accuracy indicated, the load
current should be kept below 100 nA. However, with a slight loss in accuracy, the load current can be
increased.

Vpp {3V TO 18 V)

cr |+ . LTC1044
10 uF T
Ia]
VoD —
-5 £0.002% 9
*r———— 5 —
tl Cc2 =
[ 10 uF

= REQUIRED FOR Vpp < 6 V
NOTE: Ta = MIN to MAX, Ig s 100 nA

FIGURE 21, ULTRA-PRECISION VOLTAGE DIVIDER
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

battery splitter

Obtaining positive and negative supplies from a single battery or single power supply is a common need in
many systems. Where current requirements are small, the circuit shown in Figure 22 is a simple solution. It
provides symmetrical positive and negative output voltages, both equal to one half the input voltage. The
output voltages are both referenced to pin 3 (output common). if the input voltage between pin 8 and pin 5 is
less than 6 V, pin 6 should also be connected to pin 3, as shown by the dashed line.

~7 a’—l—-bvalz {4.5 V)
7]

=

+
— vgi9v)

I

LTC1044 REQUIRED FOR Vg < 6 V

c1_L
10 4F 7]

p—P vgi2 (—4.5 V)

)
{

]

c2
L
ST 104F

- —

sjeays eie W\

@——» OUTPUT COMMON

NOTE: Vg = 3V 10 18 V
FIGURE 22. BATTERY SPLITTER

paralleling for lower output resistance

Figures 23, 24, and 25 illustrate the flexibility of the LTC1044. Figure 23 shows two LTC1044s connected in
parallel to provide a lower effective output resistance. If, however, the output resistance is dominated by
1/fC1, increasing the size of C1 or increasing the frequency is more beneficial than the paralleling circuit

shown.
Vop
o <~ z\—] o :»—T
7] 7]
{2] 7] {2] 7}
e |+ LTC1044 ¢ L= LTC1044
10 4F T 3 E] 10 4F T I—E 6]
Iy 3] 5] »
_L 4] 5 .l_ 14} 5] P Vo = —(VpD)
1/4 CDA077 c2
=
ST 20 4F
T ’____
{See Note)

NOTE: The exclusive NOR gate synchronizes both LTC1044s to minimize ripple.

FIGURE 23. PARALLELING FOR LOWER OUTPUT RESISTANCE
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

Figures 24 and 25 "stack" two LTC1044s to provide even higher voltages. As shown schematically in
rigure 24, a negative voltage doubler or tripler can be achieved depending upon how pin 8 of the second
LTC1044 is connected. Figure 25 illustrates a similar circuit that can be used to obtain positive tripling, or even
quadrupling [the doubler circuit appears in Figure 20(a)]. In both of these circuits, the available output current
is a function of the product of the individual power conversion efficiencies and the voltage step-up ratio.

Vop
I\ FORVQ = -3 Vec—» «— FOR Vg = -2 Ve
o
~ }j < :»—‘{o—l }
O] 8 104 O 8 ;
2] ircroas |1 T ircroas 2 1]
+
s B g : 9 o
Il 51 fry 5 L
a o) oo Y g [ >vo 7
=210 4F ;Iw #F 8
L ] 1 ©
. - B (o]
FIGURE 24. STACKING FOR HIGHER VOLTAGE
1N914
<7
Vpp (5 Vi 10 4 [1] 8 Vo
1N914 +
2] rc10aa T_l
2 :] {See Note)
A'A'A 3 6 e
20003 [1] ~ s b | 2000 0,
9 2Vee 4 5 ‘L 10 uF
17 1Mo
. 12| irci0aa |2 Son Nota) + S I
wr=e3 e} :1M5°|'°’ =10 4F L
a1 ] - B
14] 5 -
i FORVQ = 3V FORVQ = 4V
= = = A5 V) oo e 20W)

NOTE: Required for Vpp < 3V

FIGURE 25. VOLTAGE TRIPLER/QUADRUPLER
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

o ~ [E—-9sv
—z 7
+ LTC1044 7]
100 uF =< 3 G
> -5V
E; 220 0 2 3 r_l
= 100 4F L
2 . _ls
| ouUTPUT
- 033 uF r o 0vVTo3sV
1.2-V REFERENCE TO » | ] .
o A/D CONVERTER FOR J__) | \ h O psi TO 350 psi
by RATIOMETRIC OPERATION = ~ I Py
- {1 mA MAX) ® { | oA
100 ke Y GAIN
o * ? l l WL TRIM 1 0.047 4F
7] })‘ l | gaske
¥ ¢ | i S (See Note)
¢ LT1004 T 2300 ko p  tmos Lo
3 1.2V 280 >"See Note) ‘A N ,
(7 TRIM 1 ®)| 3500 pressure | |
TRANSDUCER I | 100 2 (See Note)
- .
= = ® I |
oV } + | =
b e ome | !
/:> A> T
- -12V 1 L —— -
©® = =104

NOTE: 1% film resistor pressure transducer BLH/DHF-350 (Circled letter is pin number)

FIGURE 26. SINGLE 5-V STRAIN GAUGE BRIDGE SIGNAL CONDITIONER

agyv
-/
& ot L3,
—] U
DD
c1 |+ LTC1044 {See Note} cmos
2-12vCELS = oo —3] [ LOGIC
# NETWORK
Ia) 5]
d K J.
+
—®
c2 =
NOTE: Supply current Ipp = 3 uA. 10 uf

FIGURE 27. GENERATING CMOS LOGIC SUPPLY FROM 2 MERCURY BATTERIES
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LTC1044

SWITCHED-CAPACITOR VOLTAGE CONVERTER

TYPICAL APPLICATION DATA

3v
° -
200 ‘é %msm
9 [ ~ I8 oo $—5 V OUTPUT
— +L
= 100
2 LTC1044 . o
A —3] 8 - 4.8 Mg
<10 uF 1 mMQ <
FE o
Fa
i 1kQ 1! AM% t ."’_,
EVEREADY EXP-30 — hh i \ : 8
=
- I LM10 = | U)
[ | ©
| op I ©
| 1k ] A"V } o
330 k0 YW f |
+ .
I !
| |
1N914
% 150k o
¢ A

—e
<
<
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FIGURE 28. REGULATED OUTPUT 3-V TO 5-V CONVERTER
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FIGURE 29. LOW-OUTPUT-IMPEDANCE VOLTAGE CONVERTER
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LTC1044
SWITCHED-CAPACITOR VOLTAGE CONVERTER
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TYPICAL APPLICATION DATA
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FIGURE 30. LOW-DROPOUT 5-V REGULATOR
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