
urm LTC104T 
T E C H N O L O G Y 

F€OTUR€S 
• Micropower (1 Sample/Second) 
• Wide Supply Range 2.8V to 16V 
• High Accuracy 

Guaranteed SET POINT Error ±0.5mV Max. 
Guaranteed Deadband ±0.1% of Value Max. 

• Wide Input Voltage Range V + to Ground 
• TTL Outputs with 5V Supply 
• Two Independent Ground-Referred Control Inputs 
• Small Size 8-Pin MiniDIP 

flppucmions 
• Temperature Control (Thermostats) 
• Motor Speed Control 
• Battery Charger 
• Any 0N-0FF Control Loop 

BANG-BANG Cont ro l le r 
D€SCRIPTIOFL 
The LTC1041 is a monolithic CMOS BANG-BANG controller 
manufactured using Linear Technology's enhanced 
LTCMOS™ silicon gate process. BANG-BANG loops are 
characterized by turning the control element fully ON or 
fully OFF to regulate the average value of the parameter to 
be controlled. The SET POINT input determines the aver-
age control value and the DELTA input sets the deadband. 
The deadband is always 2 x DELTA and is centered around 
the SET POINT. Independent control of the SET POINT and 
deadband, with no interaction, is made possible by the 
unique sampling input structure of the LTC1041. 

An external RC connected to the OSC pin sets the sam-
pling rate. At the start of each sample, internal power to 
the analog section is switched on for = 80^s. During this 
time the analog inputs are sampled and compared. After 
the comparison is complete, power is switched off. This 
achieves extremely low average power consumption at 
low sampling rates. CMOS logic holds the output con-
tinuously while consuming virtually no power. 

To keep system power at an absolute minimum, a switched 
power output (Vpp) is provided. External loads, such as 
bridge networks and resistive dividers, can be driven by 
this switched output. 

The output logic sense (i.e., ON=V+ ) can be reversed 
(i.e., ON =GND) by interchanging the VIN and SET 
POINT inputs. This has no other effect on the operation of 
the LTC1041. 

Ultra Low Power 50°F to 100°F (2.4/tW) Thermostat 
26VAC 2 WIRE 
THERMOSTAT 

1N4002 
(4) 

ALL RESISTORS 1 % . 
tYELLOW SPRINGS INSTRUMENT CO., INC. P / N 44007 

DRIVING THERMISTOR WITH Vpp ELIMINATES 3.8°F 
ERROR DUE TO SELF-HEATING. 
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LTCMOS™ is a trademark of Linear Technology Corporation. 
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RBSOIUTC max imum RRTIRGS 
Total Supply Voltage (V+ to V " ) 18V 
Input Voltage (V+ + 0.3V) to (V"-0.3V) 
Operating Temperature Range 

LTC1041C -40°Cto85°C 
LTC1041M -55°Cto125°C 

Storage Temperature Range -55°Cto150°C 
Lead Temperature (Soldering, 10 sec.) 300°C 
Output Short Circuit Duration Continuous 

PRCKRG€/ORD€R IRFORmflTIOn 
TEMPERATURE 

RANGE 
ORDER PART 

NUMBER 
O N / O F F ^ |]v 

TEMPERATURE 
RANGE 

ORDER PART 
NUMBER 

V * [ 2 

SET POINT [3 

GND[7 

LTC1041 23 vpp 
j[]osc 
J [ ] DELTA 

- 5 5 ° C to 125°C 
- 4 0 ° C to 85°C 

LTC1041MJ8 
LTC1041CN8 

J8 PACKAGE N8 PACKAGE 
HERMETIC DIP PLASTIC DIP 

CLCCTRICRL CHRRRCTCRISTICS 
Test Conditions: V + = 5 V , T M I N < T A < T M A X unless otherwise specified. 

SYMBOL PARAMETER CONDITIONS L T C10 4 1 M / L T C 1 0 4 1 C 
MIN TYP MAX UNITS 

SET POINT Error (Note 2) V + = 2.8V to 6V (Note 1) 
• 

±0.3 + 

±0.05 

±0.5 + 

±0.1 

mV 

% of DELTA 
V+=6V to 15V (Note 1) 

• 
±1 + 

±0.05 

±3 + 

±0.1 

mV 

% of DELTA 
Deadband Error (Note 3) V + = 2.8V to 6V (Note 1) 

• 
±0.6 + 
±0.1 

±1 + 
±0.2 

mV 

% of DELTA 
V + =6V to 15V (Note 1) 

• 
±2 + 

±0.1 

±6 + 
±0.2 

mV 

% of DELTA 

'os Input Current V+=5V, TA = 25°C, OSC = GND 
(V|N, SET POINT and DELTA Inputs) 

±0.3 nA 

R|N Equivalent Input Resistance f s = 1kHz (Note 4 ) • 10 15 M U 
Input Voltage Range • GND V + V 

PSR Power Supply Range • 2.8 16 V 
' S ( O N ) Power Supply ON 

Current (Note 5) 
V + = 5V, Vpp ON • 1.2 3 mA 

' S ( O F F ) Power Supply OFF 
Current (Note 5) 

V+=5V, VppOFF LTC1041C 
LTC1041M 

• • 0.001 
0.001 

0.5 
5 

J I A 

MA 
to Response Time (Note 6) V + =5V 60 80 100 Ms 

V0H 
VOL 

ON/OFF Output (Note 7) 
Logical " 1" Output Voltage 
Logical " 0 " Output Voltage 

V + = 4.75V, l0 U T= -360M 
V + = 4.75V, L 0 U T = 1.6mA 

• 2.4 4.4 
0.25 0.4 

V 
V 

R E X T External Timing Resistor Resistor Connected between V + and OSC Pin • 100 10,000 kfi 
F S 

Sampling Frequency V + =5V, TA = 25°C, 
REXT=1MCext = 0.1/1F 

5 Hz 

The • denotes the specifications which apply over the full operating 
temperature range. The shaded electrical specifications indicate those 
parameters which have been improved or guaranteed test limits provided 
for the first time. 
Note 1: Applies over input voltage range limit and includes gain 
uncertainty. 

'Vy + V, 
Note 2: SET POINT error 

where \lu = upper band limit and VL 

SET POINT 

lower band limit. 

Note 3: Deadband error s (\lu -V L ) - 2 x DELTA where V j = upper band 
limit and VL = lower band limit. 
Note 4: R IN is guaranteed by design and is not tested. 
R|N = 1/(fsx66pF). 
Note 5: Average supply current=tD x I S (ON) x f s + (1 - tD x fs) I S ( O F F ) • 

Note 6: Response time is set by an internal oscillator and is independent 
of overdrive voltage. t0=Vpp pulse width. 
Note 7: Output also capable of meeting EIA/JEDEC standard B series 
CMOS drive specifications. 
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LTC1041 

fippucfiTions in fORmnnon 
The LTC1041 uses sampled data techniques to achieve 
its unique characteristics. It consists of two comparators, 
each of which has two differential inputs (Figure 1). 
When the sum of the voltages on a comparator's inputs is 
positive, the output is high and when the sum is negative, 
the output is low. The inputs are interconnected such that 
the RS flip-flop is reset (ON/OFF = GND[ when 
VIN > (SET POINT+DELTA) and is set (ON/OFF=V+) 
when VIN < (SET POINT-DELTA). This makes a very 
precise hysteresis loop of 2 x DELTA centered around the 
SET POINT. See Figure 1(b). 

For Rs<10k0 

The dual differential input structure is made with CMOS 
switches and a precision capacitor array. Input imped-
ance characteristics of the LTC1041 can be determined 
from the equivalent circuit shown in Figure 2. The input 
capacitance will charge with a time constant of Rs x CIN . 
The ability to fully charge CIN from the signal source dur-
ing the controller's active time is critical in determining 
errors caused by the input charging current. For source 
resistances less than 10kfl, CIN fully charges and no er-
ror is caused by the charging current. 

(2)D 

POINT r j 
(3) — 

OEL.TA |—I 
(5) L J 

oscr-1 t61 I—I 

O N / O F F 
(1) 

POWER ON 

—80MS— 

(a) 

INPUT VOLTAGE, V , N 

(b) 

Figure 1. LTC1041 Block Diagram 

Rs 
w v 

^ V|N — ; c s ' 

I J j f r 

sz ? T h a i 
- I 

• l i i i 
LTC104I DIFFERENTIAL INPUT 

Figure 2. Equivalent Input Circuit 
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LTC1041 

flppucATions iriFORmfflion 
For Rs>10kf i 

For source resistances greater than 10kQ, CIN cannot fully 
charge, causing voltage errors. To minimize these errors, an 
input bypass capacitor, Cs, should be used. Charge is 
shared between CIN and Cs, causing a small voltage error. 
The magnitude of this error is A V = V I N X CIN/(CIN + C S ) . 
This error can be made arbitrarily small by increasing Cs. 

The averaging effect of the bypass capacitor, Cs, causes 
another error term. Each time the input switches cycle 
between the plus and minus inputs, CIN is charged and 
discharged. The average input current due to this is 
IAVG = VIN X C I N xfs, where fs is the sampling fre-
quency. Because the input current is directly proportional 
to the differential input voltage, the LTC1041 can be said 
to have an average input resistance of RIN = VIN / IAVG = 
l/(fs XCIN). 

Since two comparator inputs are connected in parallel, 
RIN is one half of this value (see typical curve of RIN ver-
sus fs). This finite input resistance causes an error due to 
the voltage divider between Rs and RIN . 

The input voltage error caused by both of these effects is 
VERROR=VIN [2CIN /(2CIN + C S ) + Rs / ( R s + RIN )]. 

Example: assume fs = 10Hz, Rs = 1M, Cs = tyF, 
VIN = 1V, VERROR = 1V(66MV + 660/XV) = 726/IV. Notice 
that most of the error is caused by RIN . If the sampling 
frequency is reduced to 1Hz, the voltage error from the 
input impedance effects is reduced to 136/TV. 

in the SET POINT and deadband is critical. These errors 
may be defined in terms of Vu and VL . 

SET POINT error = -SET POINT 

deadband error=(Vu - VL) - 2 x DELTA 

The specified error limits (see electrical characteristics) 
include error due to offset, power supply variation, gain, 
time and temperature. 

Pulsed Power (Vpp) Output 

It is often desirable to use the LTC1041 with resistive net-
works such as bridges and voltage dividers. The power 
consumed by these resistive networks can far exceed 
that of the LTC1041 itself. 

At low sample rates the LTC1041 spends most of its time 
off. A switched power output, Vpp, is provided to drive 
the input network, reducing its average power as well. 
Vpp is switched to V+ during the controller's active time 
( « 80^s) and to a high impedance (open circuit) when in-
ternal power is switched off. 

Figure 3 shows the Vpp output circuit. The Vpp output 
voltage is not precisely controlled when driving a load 
(see typical curve of Vpp output voltage versus load cur-
rent). In spite of this, high precision can be achieved in 
two ways: (1) driving ratiometric networks and (2) driv-
ing fast settling references. 

Input Voltage Range 

The input switches of the LTC1041 are capable of switch-
ing either to the V + supply or ground. Consequently, the 
input voltage range includes both supply rails. This is a 
further benefit of the sampling input structure. 

Error Specifications 

The only measurable errors on the LTC1041 are the devi-
ations from "ideal" of the upper and lower switching 
levels [Figure 1(b)]. From a control standpoint, the error 

>-80MS» 
COMPARATOR ON TIME 

Figure 3. VPP Output Switch 
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nppucnnons inFORmnnon 
In ratiometric networks (Figure 4) all the inputs are pro-
portional to Vpp. Consequently, the absolute value of Vpp 
does not affect accuracy. 

Figure 4. Ratiometric Network Driven by Vpp 

If the best possible performance is needed, the inputs to 
the LTC1041 must completely settle within 4/̂ s of the 
start of the comparison cycle (Vpp high impedance to V+ 

transition). Also, it is critical that the input voltages do not 
change during the 8(fyis active time. When driving resis-
tive input networks with Vpp, capacitive loading should 
be minimized to meet the 4/*s settling time requirement. 
Further, care should be exercised in layout when driving 
networks with source impedances, as seen by the 
LTC1041, of greater than 10kfi (see For Rs>10kfi). 

In applications where an absolute reference is required, 
the Vpp output can be used to drive a fast settling 
reference. The LTC1009 2.5V reference settles in = 2^s 
and is ideal for this application (Figure 5). The current 
through R1 must be large enough to supply the LT1009 
minimum bias current (= 1 mA) and the load current, l|_. 

LT1009-2.5 

Internal Oscillator 

An internal oscillator allows the LTC1041 to strobe itself. 
The frequency of the oscillation, and hence the sampling 
rate, is set with an external RC network (see typical 
curve, O S C frequency versus REXT, CEXT). REXT and 
CEXT are connected as shown in Figure 1. To assure oscil-
lation, REXT must be between 100kQand 10Mfi. There is 
no limit to the size of CEXT . 

At low sampling rates, REXT is very important in deter-
mining the power consumption. REXT consumes power 
continuously. The average voltage at the OSC pin is ap-
proximately V+/2, giving a power dissipation of 
PREXT = ( V + / 2 ) 2 / R E X T . 

Example: assume REXT = 1M12, V + = 5 V , PREXT = 
( 2 . 5 ) 2 / 1 0 6 = 6 . 2 5 / I W . This is approximately four times 
the power consumed by the LTC1041 at V + = 5 V and 
fs = 1 sample/second. Where power is a premium, REXT 
should be made as large as possible. Note that the power 
dissipated by REXT is not a function of fs or CEXT . 

If high sampling rates are needed and power consumption 
is of secondary importance, a convenient way to get the 
maximum possible sampling rate is to make REXT = 100kQ 
and CEXT = 0. The sampling rate, set by the controller's ac-
tive time, will nominally be «10kHz. 

To synchronize the sampling of the LTC1041 to an exter-
nal frequency source, the OSC pin can be driven by a 
CMOS gate. A CMOS gate is necessary because the input 
trip points of the oscillator are close to the supply rails and 
TTL does not have enough output swing. Externally 
driven, there will be a delay from the rising edge of the 
OSC input and the start of the sampling cycle of approx-
imately 5/IS. 

Figure 5. Driving Reference with Vpp Output 
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LTC1041 

TYPICAL APPLICATION 

Motor Speed Controller 

v+ 
I 100k 10k 

•CANNON CKT26-T5-3SAE 

Battery Charger 

r r u n m 
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LTC1041 

PFLCKFLG€ D C S C R I P T I O n Dimensions in inches (millimeters) unless otherwise noted. 

J Package 
8 Lead Hermetic DIP 

(9.779±0 635) 

0.055 
(1.397)" 

MAX 

L J LSJ LLI LSJ S M . • " H 1 — 1 1 1 1 1 (5.080) 
H MAX 

0.014-0.026 
(0.360 - 0.660) 

0.038 - 0.068 
(0.965-1 727) 

root] 

0.015-0.060 
(0.381-1.524) 

L_ 

0.125 
3.175 
UIN 

0 . 1 0 0 ± 0 . 0 1 0 
(2.540*0.254) 

T j m a x 6 j A 
150°C 1 0 0 ° C / W 

N Package 
8 Lead Plastic 

0.300-0.320 
(7.620 - 8.128) 

T-0.025 
-0.015 

111 LLL LLJ LIJ 

(1.143-
0.065 

( 1 . 6 5 1 ) ^ J 

1.651) 

TYP 

0.009-0.015 
(0.229-0.381) 

0 045*0.015 

[HXW] 

(1.143±0.381) 
0 1 0 0 ± 0 . 0 1 0 

(2 540 ± 0.254) 

0.130±0.005 
(3.302*0.127) 

0.020 

(0.508) 
M M 

_JL 
0.125 T 

'(3.175) 
. MIN 

0 018 * 0.003 
(0.457 ±0.076) 

T j m a x 9 | A 
110°C 1 5 0 ° C / W 
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