




























































































































































































ill [] LSI COMPUTER 
SYSTEMS INC. 

Manufacturers of Custom and Standard LSI Circuits 
1235 Walt Whitman Road, Melville, NY 11747 
TWX: (510) 226-7833 FAX: 516 271 0405 

aon ..... Telephone: (516) 271-0400 

I 

i7228/LS7229 ADDRESS DECODER/TWO PUSHBUTTON DIGITAL LOCK 
I 

FEATURES: 
• Stand alone lock logic 
• 9 bit code determined by 9 parallel inputs 
• Two options of code input available: 

LS7228 - Dual train pulsed input 
LS7229 - Two momentary switches 

• Out of sequence disabling circuit 
• Current source lock control output 
• External controlled delay to set maximum inter-

pulse time. 
• Single power supply operation (2.5V to 15.0V) 
• Low standby current (15uA maximum) 
• 16 pin dual-in-line plastic package 
• Cascadable 

DESCRIPTION: 
LS7228/LS7229 are monolithic ion implanted MOS en­
coder circuits. Each circuit includes logic for interpreta­
tion of correct sequential key closure or pulse input and a 
momentary lock control output. An out of sequence de­
tection will disable any further insertions, and a new 
sequence may be reapplied after a delay time, determined 
by an external R/C time constant. 

The LS7228 utilizes a dual train input format where the 
input "one's" data is applied to pin 13 and the input 
"zero's" is applied to pin 14. The common input (pin 15) 
is not used. (See figure 4). The LS7229 utilizes two 
momentary switches and pins 13, 14 and 15 in a manual 
operating mode. 

PROGRAMMING 9 BIT CODE: 
Pin 1 (leading bit) and through Pin 9 (end bit) with 512 
(leading bit) different combinations. To program a Logic 

i 1 the pin is left floating. To program a Logic O the pin is 
, tied to VDD (GND). 

LOCK CONTROL OUTPUT: 
Code entry is made at the one's port or the zero's port 
with logical one levels ( + volts) and returned to the 
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(leading bit) CODE 1 1 

CODE2 2 

CODES 6 

CODE? 7 

CODE8 8 

Figure 1 

10 VSS (+2.5Vto +15V) 

9 CODE 9 (END BIT) 

TOP VIEW 
Standard 16 pin DIP 

logical zero level (GNO) in sequential order. The lock 1------------------------­
STANDBY AND OPERATING CURRENT (cont'd.) 

(Standby current is 15 µA max.) 
control output will change to a logical one after the last 
correct bit entry returns to logical zero and will remain at a 

1 logical one for the period of the external R/C delay. If it is 
desired to maintain a constant logical one output, a tenth 
entry either at the one or zero port must be held at a 
logical one level. 

STANDBY ANO OPERATING CURRENT: 
1. Upon application of supply voltage, the standby 

section is activated, leaving the remaining portion 
of the circuit unenergized. 1 

2. The entire circuit is energized by entering the first bit in the code 
pattern and will be energized only during the selected external R/C 
delay time, every bit entry will refresh the external delay time. (Operat­
ing current is SmA max.) 

CASCADING: 
See Figure 4. 

DESCRIPTION OF INTERNAL OPERATION: (See fig. 3) 
When entering code to either the one's port or the zero's port, an 



external capacitor is charged and an internal inhibit is removed to 
allow further code insertion, providing that the previous insertion 
was the correct code. In effect, a one is transmitted through the 
nine BIT shift register if the input sequence agrees with the 
program applied to pins one through nine. 

MAXIMUM RATINGS: 
PARAMETER SYMBOL VALUE UNITS 
Storage Temperature Tstg -65to +150 oc 
Operating Temperature Ta -25 to +70 oc 
Voltage (any pin to Vss) Vmax -30 to +0.5 VOLTS 

If an incorrect insertion occurs, the one is prevented from 
advancing even though further code insertions occur, keeping 
the external capacitor fully charged. Only the removal of code 
entrys will allow the external capacitor to discharge an9 reset 
the error logic, thereby permitting a new attempt at entering the 
correct code. 

DC ELECTRICAL CHARACTERISTICS 

INPUT SPECIFICATIONS 
INPUT VOLTAGE 
Program Inputs (Pins 1 through 9) 

MIN. 
Logical "1" Vss-0.5 
Logical "O" 0 

Serial Inputs (Pins 13, 14, 15) 
SYMBOL 

Input Logic V1L 
Ii 1" 
Switching From 
Logic ("O") to Logic ("1 ") 

Input Logic V1H 
"O" 
Switching From 
Logic(" 1 ")to Logic ("O") 

External R Applied To Pin 12 
SYMBOL 

R 

External R/C Input (Pin 12) 
SYMBOL 

Input Logic 
"1" 
Switching From 
Logic ("O") to Logic ("1 ") 

SYMBOL 
Input Logic 
HO" 
Switching From 
Logic ("1 ")to Logic ("O") 

Input Current To Vss (V1N = Voo) 
TYPICAL 

Program Inputs 
(Pins 1 through 9) 

Standby 1 
Operating 2 

Input Current To Voo (V1N to Vss) 
Serial Input 
(~ns13and14) 3 
(Pin 15) 1.5 

------------

MAX. 
Vss 

Vss-2.5 

Vss (VOC) 
2.5 
5.0 
9.0 

12.0 
15.0 

2.5 
5.0 
9.0 

12.0 
15.0 

Vss 
2.5 
5.0 
9.0 

12.0 
15.0 

Vss (VOC) 

MAX. 

-5 

5 
3 

2.5 
5.0 
9.0 

12.0 
15.0 

Vss 
2.5 
5.0 
9.0 

12.0 
15.0 

UNITS 
nA 
uA 

uA 
uA 

UNITS 
VOLTS 
VOLTS 

MIN 
1.9 
4.3 
8.0 

11.0 
14.0 

0 
0 
0 
0 
0 

MIN 
33 
27 
22 
15 
10 

2 

TYP. MAX. UNITS 
1.65 2.5 voe 
4.0 
7.6 

10.6 
13.6 

.7 
1.5 
2.0 
4.0 
4.5 

TYP. 

TYP. 
1.6 
3.8 
7.5 

10.4 
13.4 

TYP. 
.6 

1.2 
2.2 
4.5 
6.0 

5.0 
9.0 

12.0 
15.0 

.3 

.5 
1.0 
1.5 
2.0 

MAX. 
3300 

3300 

voe 
voe 
voe 
voe 

voe 
voe 
voe 
voe 
voe 

UNITS 
K· U 
K n 
K n 
K n 
K n 

UNITS 
voe 
voe 
voe 
voe 
voe 

UNITS 
voe 
voe 
voe 
voe 
voe 

The information included herein is believed to be accurate and reliable. However, 
LSI Computer Systems, Inc. assumes no responsibilities for inaccuracies, nor 
tor any infringements of patent rights of others which may result from its use. 



--------------------------- ---------

MAX FREQUENCY - vs - OPERATING VOLTAGE FOR DUAL TRAIN OPERATION is Linear with respect to capacitor size applied to pin 
12. See Dynamic Electrical Characteristics (See below) 

OUTPUT SPECIFICATIONS 
LOCK CONTROL OUTPUT PIN 11 
SOURCE CURRENT Vss MIN. TYP. MAX. UNITS 
Vour = Vss - .5 voe 2.5VDC 1.4 2.5 3.5 mA 

5.0VDC 3.0 5.6 8.0 mA 
9.0VDC 5.0 9.0 13.0 mA 

12.0VDC 6.0 11.0 16.0 mA 
15.0VDC 7.0 13.0 18.0 mA 

VouT = Vss-1.0 VDC 2.5VDC 2.2 4.0 5.6 mA 
5.0VDC 6.0 11.0 16.0 mA 
9.0VDC 10.0 18.0 25.0 mA 

12.0VDC 12.0 22.0 31.0 mA 
15.0VDC 14.0 26.0 36.0 mA 

VouT = Vss -1.5 VDC 2.5VDC 2.7 5.0 7.0 mA 
5.0VDC 8-.o 14.0 20.0 mA 
9.0VDC 14.0 26.0 36.0 mA 

12.0VDC 18.0 33.0 46.0 mA 
15.0VDC 20.0 38.0 53.0 mA 

NOTE: Pin 11 (Lock Control Output) is only a current source. Use a resistor to ground (Voo) if driving capacitor load. 

DYNAMIC ELECTRICAL CHARACTERISTICS (See Fig. 2) 

PARAMETER SYMBOL Vss MIN. TYP. 
Input Pulse Widtti T1w 2.5 50 
(with Con Pin 12 5.0 80 
~.01 uf) 9.0 120 

12.0 160 
15.0 200 

Output Delay Too 20 40 

Output Pulse Width Top typically 1.25 time constants of external RC network applied to Pin 12 

Input 
lnterpulse time 

EXAMPLE 
CODE 

ONE'S 

T1p 

1 0 1 

I ' I I 
T1p~ l.+--+1 ~T1p 

I I I I 
I 

30 

0 1 1 0 0 

MAX. 

70 

Top 

0 

UNITS 
usec 
usec 
usec 
usec 
usec 

usec 

usec 

10th Insertion 

:-;o~t;i;- - - - - -
• ock output 
I ZERO'S-----' 

~ :+--T1w I 

-____ ' __ ' --------------------~--Jr:==:f'To• .l LOCK-OUT 1 j 
----.! t4-Too 

I I 

TIMING DIAGRAM 

Figure 2 

3 



+v-G-vss 

~voo 

MOMENTARY 
SWITCHES 

Vss(+I 

Voo 

Signal 
Conditioning 
Network 

Signal 
Conditioning 
Network 

LS7228 may be used with manual single pole single throw 
switches if debounce filten are added to Inputs 13 & 14. 
IAsshown) 

Zero's ,._. __ ,.. Sensing 

Comparator 

ERROR 
SENSING 

._------+--+--~ NEXT 
OUT 

CLOCK 
GENERATOR 

CL 

One's _R 
1-11---'"I Sensing 

9 BIT SHIFT REGISTER Ql------1 
Comparator. 

+V +V +V +V +V +V +V +V +V 

Voo 

PROGRAM FOR CODE 0 0 0 0 

LS7229 BLOCK DIAGRAM 

Figure 3 

DUAL SWITCH CASCADING SERIES (LS7229) 
.-------------------- ---------~- - - - - - - - - - - - - - - - - -

Momentary 
Switches 

VSS(+) 

Not Used 

13 ONE'S 

15 COM. 

15COM 

14 ZERO'S 

13 ONE'S 

1st (9 Bit Code) Followed by 2nd (9 Bit Code I 

DUAL TRAIN CASCADING SERIES PARALLEL (LS7228) 

R/C 12 15COM. 

14 ZERO'S 

I 13 ONE'S 
I 
I 
I 

Not Used ~ I 1 - - - - - - - -I 
--- __ _J 15COM. 

I I I I 

o-LV. 14 ZERO'S I 
I I 

LOCK OUT 

LOCK OUT 

10K!l 

o--i----113 ONE'S 11 I ______ _ 
L _______ _J 

LOCK OUT 

Figure 4 10KQ 

4 
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LSl/CSI LS 7231-5 
·roucH CONTROL CONTINUOUS DIMMER LIGHT 
SWITCH AND A.C. MOTOR SPEED CONTROLLER* 

FEATURES: 

1LS7231-5 

• Phase-locked loop synchronization produces pure AC 
waveform across output load with no DC offset 

• Provides ON/OFF or brightness control of incandescent 
lamps and ON/OFF or speed control of A.G. motors without 
the use of mechanical switches. 

• Controls brightness by controlling the AC Duty 
Cycle 

• Provides speed control of AC Motors, such as shaded 
pole and universal series motors 

• Controls the "Duty Cycle" from 25% to 88% (on 
time angles for AC half cycles between 4f0 and159° 
respectively) 

• Operates at 50Hz/60Hz line frequency 
• Provides control through transformers for low voltage 

lighting applications 
• Input for extensions or remote sensors 
• Input for slciw dimming 
• 12V to 18V DC supply voltage 

DESCRIPTION: 
LS 7231 through LS 7235 is a series of monolithic, ion 
implanted MOS circuits that are specifically designed for 
brightness or ON/OFF control of incandescent lamps or 
speed of AC motors used on the AC line. The outputs of 
these chios control the briohtness of a lamo or speed of 
an AC motor by controlling the firing angle of a triac con­
nected in series with the lamp or AC motor. All internal 
timings. are synchronized with the line frequency by means 
of a built-in phase locked loop circuit. The output occurs 
once every half cycle of the line frequency. Within the half­
cycle, the output can be positioned anywhere between 159° 
phase· angle for maximum brightness/spe~d and 41° phase 
angle for minimum brightness/speed in relation to the line 
frequency. The positioning of the output is controlled by 
appling a low level at the sensor input or a high level at 
the slave input. 

These functions may be implemented with very few inter­
face components which is described in the application ex­
amples. When implemented in this manner, a touching of 
the sensor plate causes the lamp brightness or AC motor 
speed t-0 change as follows: 

1. If the sensor is touched momentarily (32ms to 
332ms), the lamp or AC motor is: 

(a) turned off it it was on. 

( b) turned on if it was off. The brightness/speed 
resulting is either full brightness/speed or, 
depending on the circuit type, a previous 
brightness/speed stored in the memory. 

CONNECTION DIAGRAM - TOP VIEW 
STANDARD 8 PIN PLASTIC DIP 

VSS ( + 12to+18 VDC) 1 8 OUT 

LSl/CSI 

DOZE 2 7 VDD (GND) 

CAP 3 6 SLAVE 

SYNCHRO 4 5 SENSOR 

FIGURE 1 

.. Some motors may require a higher minimum duty cycle 
(mask option) 

2. If the sensor is touched for a prolonged time (more 
than 332ms) the light intensity changes slowly. As 
long as the touch is maintained, the change con­
tinues; the direction of change reverses whenever 
the maximum or minimum brightness is reached. 
The circuit also provides an input for slow dimm­
ing. By applying a slow clock to this input, the lamp 
can be dimmed slowly until total turn off occurs. This 
feature can be useful in children's bedroom lights. 

INPUT/OUTPUT DESCRIPTION: 

VSS (Pin 1). 
Supply voltage positive terminal. 

DOZE (Pin 2). 
A clock applied to this input causes the brightness to decrease in 
eqoal increments with each negative transition of the clock. 
Eventually, when the lamp becomes off, this inputttas no further 
effect. The lamp can be turned on again by activating either the 
SENSOR input or the SLAVE input. For the transition from max­
imum brightness to off. a total of 83 clock pulses are needed at 
the DOZE input. 

When either the SENSOR or the SLAVE input is active. the DOZE 
input is disabled. 

CAP (Pin 3). 
The CAP input is for external component connection. A capacitor 
of .047uF ± 20% should be used at this input. 

9-1 
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The functional differences of different variations of the light dimmer circuits are explained in Table I and the output phase 
angle diagrams in Fig. 3. 

TABLE I 

TYPE SENSOR (TOUCH) DURATION DIMMING 
DIRECTION 
REVERSAL 

MOMENTARY PROLONGED 
(32ms to 332ms) (note 3) (More than 332ms) (note 3) 

PRE-TOUCH POST~TOUCH PRE-TOUCH POST-TOUCH 
BRIGHTNESS BRIGHTNESS BRIGHTNESS BRIGHTNESS 

LS7231 Off Max. Off Starts varying at Min. NIA 
Max. Off Max. Starts varying at Max. NIA 

Intermediate Off Intermediate Starts varying at NO 
Pre-Touch brightness 

LS7232 Off Memory Off Starts varying at YES 
(See note 1) Memory (Note 2) 

Max. Off Max. Starts varying at Max. NIA 
Intermediate Off Intermediate Starts varying at YES 

Pre-Touch brightness 

LS7233 Off Max. Off Starts varying at Min. NIA 

Max. Off Max. Starts varying at Max. NIA 

Intermediate Off Intermediate Starts varying at YES 
Pre-Touch brightness 

LS7234 Off Memory Off Starts varying at NO 
(See note 1) Memory (Note 2) 

Max. Off Max. Starts varying at Max. NIA 

Intermediate Off Intermediate Starts varying at NO 
Pre-Touch brightness 

LS7235 Off Max. N/A N/A NIA 

Max. Off N/A N/A NIA 

NOTE 1. "Memory" refers to the brightness stored in the memory. The brightness is stored in the memory when the light is turned off by 
momentary sensor touch. First time after power-up, momentary touch produces max. brightness. 

NOTE 2. First time after power-up, prolonged touch causes intensity to vary starting at min. 
NOTE 3. The..time figure is based on 60Hz synchro frequency. For 50Hz the figures are 39ms and 399ms. 

SYNCHRO (Pin 4). 
The a-c line frequency (50Hz/60Hz), when applied to this input, 
synchronizes all internal timings through a phase locked loop. 
The signal for this input may be obtained from the line voltage by 
employing the circuit arrangment shown in the application notes. 

SENSOR (Pin 5). 
A low level applied to the sensor input controls the turn on or turn 
off of the output as well as its phase angle with respect to the 
synchro input. A description of this is provided in the general 
description and Table I. 

LSl/CSI 

SLAVE (Pin 6). 
The SLAVE input is functionally similar to the SENSOR input with 
the exception that the active level is a logical high as compared to 
the logical low level for the sensor input. It is recommended that 
the SLAVE input be used instead of the SENSOR input when long 
extension wires are used between the sensing plates (or 
switches) and the dimmer chips. 

VDD (Pin 7). 
Supply voltage negative terminal. 

LS7231·5 I 



OUT (Pin 8). 
The output is a low level pulse occurring once every half cycle of 
the synchro signal. The phase angle, cpofthe output in relation to 
the synchro signal controls the lamp brightness. 

In continuous dimming operation (i.e., when the sensor input is 
continuously held low) the output phase angle, cp sweeps up and 
down between 41° and 159° continuously. The time vs cf> curve, 
however, is not a linear one (see Fig. 3). Between two maxima on 
this curve, there are 4 discontinuous points labeled A1, B1. 82, 
A2. The discontinuities are as follows: 

!_S7231-5 

ABSOLUTE.MAXIMUM RATINGS: 
PARAMETER SYMBOL 

DC supply voltage vss 
Any input voltage V1N 
Operating temperature TA 
Storage temperature Tstg 

DC ELECTRICAL CHARACTERISTICS: 
(TA =0 to 80°C, all voltages referenced to VDD) 

PARAMETER 
Supply voltage 
Supply current 

Input Voltages 

Doze LO 
Doze HI 
Synchro LO 
Synchro HI 
Sensor LO 
Sensor HI 
Slave LO 
Slave HI 

Input Current: 
Synchro, Sensor 

& Slave HI 

Doze HI 
Doze LO 
Output HI Vltg 
Output LO Vltg 
Output Sink 

Current 

SYMBOL 
Vss 
lss 

V1zL 
V1zH 
V1RL 
V1RH 
V10L 
V10H 
V1vL 
V1vH 

iiH 

MIN. 
+12 

0 
VSS-2 
0 
Vss-5.5 
0 
Vss-2 
0 
Vss-2 

25 

TYP 

1.0 

Vss 
Vss-4 

LSl/CSI 

1. From maximum to A1. In this region, cf> is changed by equal 
increments (fir/>) for every 2 synchro clocks. 
2. From A1 to 81. In this region, the increments (lie/>) take place 

for every 4 synchro clocks. 
3. From 81 to 82. In this region c/> is held at a constant level 

( li</>=O). 
4. From 82 to A2. Same as 2. 
From A2 to Maximum. Same as 1. 

The slower rate of change in </> over A181 B2A2 region is to 
accommodate for eye adjustment at lower light intensity. 

VALUE 

+20 
vss + .5 
0 to +80 
-65 to +150 

MAX 
+18 
1.5 

Vss-6 
Vss 
Vss-9.5 
Vss 
Vss-8 
Vss 
Vss-8 
Vss 

110 

5 
5 

UNIT 
Volts 
mA 

Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Vo its 

uA 

nA 
nA 
Volts 
Volts 

mA 

UNITS 

Volt 
Volt 
oc 
oc 

CONDITIONS/ 
REMARKS 

@Vss=+15V, 
output off 

With Series 1.5MO 
Resistor to 
115 VAC Line 

@Vss=+15V 
Vo=Vss-3 

9-3 
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FREQUENCY CHARACTERISTICS (See Fig. 2 & 3) 
All timings are based on fs =60Hz, unless otherwise specified. 

PARAMETER SYMBOL MJ!L TYP. 
Synchro Frequency 
Sensor Duration 

(ON/OFF Oper.) 
Sensor Duration 

(Dimming Oper.) 
Doze Frequency 
Output Pulse Width 
Output Phase-Angle 

(Note 1) 
cf> Period (Max to Max in 

continuous dimming) 

fs 

Ts1 

Ts2 

TW 

0 

40 

32 

332 

40 

41 

3.74 

A1 81 =B2A2. duration 934 

MAX. .!lli!L 
70 Hz 

332 ms 

infinite ms 

500 Hz 
55 µS 

159 degrees 

sec. 

ms 
8182, Min.intensity dwell 500 ms 

Note 1. In the circuit arrangement described in the application notes, the synchro input signal is delayed in phase in relation to the line 

SENS 

150° 

"' 90• 
4o" 

0 

"' 
150° 

90" 

40• 
0 

"' 
150• 

90" 
40° 

0 

cf> 
150° 

90" 

40° 
0 

"' 
150° 

9o" 

40° 
0 

frequency by about 6°, resulting in a-¢ range between 35° and 152°. With higher R-C value the phase angle range may be shifted 
down further. 

SVNCHRO 

r-"' OUTLJ LJ 
4 ~TW 

FIGURE 2 - OUTPUT PHASE ANGLE 

--------Ts2--------

i 
Al 81 82 

111L,1L, J l~J 
B2 ----

82 __ A2 __ 

4 6 10 12 14 16 
SEC ON OS 

Noa: The timin91 are indicated after initial Power-up. 
FIGURE 3 

OUTPUT PHASE-ANGLE, rf> Vs, SENSOR INPUT 

LSl/CSI 1.$7231-5 



SYNCH RO 

" 
PHASE­
LOCKEO 
LOOP 

t---+1 BRIGHTNESS 

CAP 
3 

DOZE 
2 

SLAVE 
6 

SENSOR 
5 

VSSl•I 

CONTROL 
LOGIC 

MEMORY 

PHASE 
ANGLE 
POINTER 

OUTPUT 1--o_uT __ ~ 
DRIVER 

VDDl-1 
7 

FIGURE 4 
LS7231-LS7235 
BLOCK DIAGRAM 

APPLICATION EXAMPLES: 

A-typical implementation of the light dimmer circuit is shown in 
Fig. 5. Here the brightness of the lamp is set by touching the 
sensor plate. The functions of different components are as 
follows: 

LS7231-5 

• The 15V DC supply for the chip is provided by Z, 01, R1, 
C2 and C5. 

• R2 and C4 generate the filtered signal for the SYNCHRO 
input for synchronizing the internal PLL with the lipe 
frequency. 

o Ra and C1 act as a filter circuit for the electronic extension. 
If extensions are not used, the slave input (Pin 6) should 
be tied to Voo (Pin 7). 

LSl/CSI 

e ~. Ra and Ra set up the sensitivity of the sensor input. 
Ce provides noise filtering. 

• C3 is the filter capacitor for the internal PLL. 
• D2 limits the positive excursion ofTriac gate to about Vss 

+ .5V. This positive excursion of the gate may occur 
during the triggered state of certain triacs. 

e C1 and Lare RF filter circuits. 

In the case of momentary power failure, the circuit state remains 
unchanged for a period of up to 1 sec. For longer power interrup­
tions, the output is shut off. 

9-5 



<.p 
en 

110VAC 
01 

220VAC 

~ 
!? 

N 

r-
~ 
NI 
~ 
u. 

2A 

CB 

R7 02 

C'> 

Cl 

C2 01 8 I 11 61 
Out VDD Slv 

I 
RJ_..J._ 

c;T-

5 I 
Sens 

RS 

T I I 

EXTN 

---- -

RS RG 

~ 

_J_ 
.----0 o---...o p 

I 

·----
ELECTRONIC 
EXTENSION 

1119. 61 

I SENSOR 
PLATE 

LAMP 
CONNECTION 

LS7231 ·35 l T-voo --
SENS 

Motor 

400W 

LAMP 

FIGURE 5 
A TYPICAL LIGHT DIMMER 

R7 

MOTOR 
CONNECTION 

VSS Doze 
2 

Notes· 11 All circuits connected by broken Imes are optional 

Cap 

b 

21 Cl is used only when electronic extension 1s connected 

Sync 
I• I ~ R4 

C4 

115V 31 Connection between Pm 1 & Pm 2 should be broken when Ooze circuit 1s used 

C1 = 0.1SµF/2SOVAC R4 = 1 MO to SM0/1/• W C1 = 0.15µF/400VAC 
C2 = 0.22µF/2SOVAC (select for sensitivity) C2 = 0.22µF/400VAC 
C3 = .047µF/16V RS, R6 = 2.7M0/1/4W C3 = .047µF/16V 
C4 = 470pF/600V 01, 02 = 1N4148 C4 = 470pF/600V 
CS = 47 µ.F/2SV z = 1SV/1W (Zener) CS = 47 µF/2SV 
C6 = 680pF/SOV T = TLSOOD or C6 = 680pF/SOV 
C7 = .2µ.F/25V 04004L4 triac (TYPICAL) C7 = .2µF/25V 
R1 = 2700/2W l = 100µH **CS = .047µ.F/400V 
R2 = 1.SM/1/4M (RFI Filter) R1 = 1K0/1W 
R3 = 680Kn/1/• W * * C8 = .047 µF/2SOV R2 = 1.5MO/ 1/4W 

* * R7 = 1.8K0/2W R3 = 680Kn/1/•W 
RS = 1 OOK0/1/.i W * * R7 = 1.8K0/2W 

* * R7 and ca Network may be required for some inductive loads. RS = 1 OOK0/1/.i W 

OOZE 
oz CIRCUIT 

1119 71 

vss 

220V 
R4 = 1 MO to SM0/1.'4 W 
RS. R6 = 4.7M0/1/4W 
011 02 = 1N4148 
z = 15V/1W (Zener) 
T = 05004 L4 triac (TYPICAL) 
l = 200µH 
(RFI Filter) 

- -

!I 

i 
jl 

11 
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EXTN 
IN914 22M0/1/4W 

150K0/3/4W 

p 

1N4007 

SENSOR 
PLATE 

2M0/1/4W 

2M0/1/4W 

FIGURE 6 - ELECTRONIC EXTENSION 

vss >----a 

3.3M 

DOZE 
SWITCH 

3.3M 

+ 
10µF 

DZ ..-~r--~~~~~~~~~~~-1---~~~.....J 

VDD>---<.--~~~~~~~~~~-.l 

FIGURE 7. DOZE CIRCUIT 

EXTENSIONS: (Fig. 6) 
All switching and dimming functions can also be implemented by 
utilizing the slave input. This can be done by either a mechanical 
switch or the electronic switch in conjunction with a sensing plate 
as shown in Fig. 6. When the plate is touched, a logical high level 
is generated at the EXTENSION terminal for both half cycles of the 
line frequency. 

The information included herein is believed to be 
accurate and reliable. However, LSI Computer Systems, 
Inc. assumes no responsibilities for inaccuracies, nor for 
any infringements of patent rights of others which may 
result from Its use. 

LSl/CSI 

DOZE CIRCUIT: (Fig. 7) 
The Doze circuit shown in Fig. 7 generates a slow clock 
(0.04Hz) at the DZ terminal. If the sensor plate (Fig. 5) is not 
touched, the SENS terminal of the Doze circuit of Fig. 7 sits at a 
logical high level. A momentary pressing of the Doze switch sets 
the SR flip-flop, enabling the oscillator. Every negative transition 
of the clock (DZ terminal) causes the light intensity to be reduced 
by equal increments, until eventually the light is shut-off. The 
oscillator has no further effect on the dimmer circuit. When the 
light is turned on again by touching the sensor plate, the SR 
flip-flop is reset and the DZ clock is turned off. 

When the Doze circuit is used. the connection between Doze 
input (Pin 2) and Vss (Pin 1) as shown in Fig. 5, should be 
removed. 
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LSl/CSI LS7237 

TOUCH CONTROL STEP DIMMER LIGHT SWITCH AND 
A.C. MOTOR SPEED CONTROLLER* 

FEATURES: 
• Phase-locked loop synchronization produces pure AC 

waveform across output load (no DC offset) 
• Provides On/OFF or brightness control of incandescent 

lamps and ON/OFF control of fluorescent lamps (mode 
"O" only) without the use of mechanical switches. 

• Controls brightness by controlling the AC "duty cycle" 
hence reducing the power dissipation. 

• Provides speed control of AC motors, such as shaded 
pole and universal series motors 

• Controls the "Duty Cycle" from 25% to 88%. (on time 
angles for AC half cycles between 45° and 159° respec­
tively.) 

• Operates on 50Hz/60Hz line frequency. 
• Provides control through transforrnersror~low voltage 

lighting applications. 

ILS7237 

• Input for extensions or remote sensors. 
• 12V to 18V supply voltage. 

DESCRIPTION: 
LS7237 is a monolithic, ion implanted MOS circuit 
designed for A.G. Power control. The output of the 
LS7237 triggers a triac (see applications examples) 
connected in series with either a lamp or an A.G. motor. 
The lamp brightness or motor speed is determined by 
controlling the output phase angle (triac triggering 
angle) in relation to the A.G. line frequency. 

The output phase angle can be varied by applying a low 
level pulse at the SENSOR input or a high level pulse at the 
SLAVE input. When implemented as shown in the appli­
cation example, this is accomplished by touching the 
appropriate sensor plates. 

There are five specified levels of power through which 
the output can be stepped. The power levels (described 
in terms of lamp brightness, but also applying directly 
to motor speed) are as follows: 

The information included herein is believed to be 
accurate and reliable. However, LSI Computer Systems, 
Inc. assumes no responsibilities for inaccuracies, nor for 
any infringements of patent rights of others which may 
result from its use. 

LSl/CSI 

CONNECTION DIAGRAM: 

MODE 2 

CAP 3 

SYNCHRO 4 

TOP VIEW 
Figure 1 

8 OUT 

7 VDD (GND) 

6 SLAVE 

5 SENSOR 

• Some motors may require a higher minimum duty cycle 
(mask option) · 

LEVEL 
Off 
Night Light 
Mood Light 
Medium 
Maximum 

BRIGHTNESS(% Rated Wattage) 
0 
9 

29 
66 
99 

The circuit may be selected to opera!e in one of three 
different modes by tying the MODE input to specific 
voltage levels (see INPUT/OUTPUT description). The 
sequences of brightness control in the different modes 
are as follows: 

MODE BRIGHTNESS SEQUENCE 
0 Off - Max - Off 
1 Off - Mood - Med - Max - Off 
2 Off - Night - Mood - Med - Max - Off 

After a power-up, the output comes up in the OFF state. 
Following that, every time the sensor plate is touched, the 
output steps to the next level of brightness. The next step 
following the maximum brightness is the OFF state, initi­
ating a new sequence. 
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INPUT/OUTPUT DESCRIPTION: 

Vss (Pin 1) 
Supply voltage positive terminal. 

MODE (Pin 2) 
The operating mode for the circuit is selected by tying this input 
as follows: · · ·· 

MODE INPUT 
Vss 
Voo 
Float 

CAP (Pin 3) 

SELECTED MODE 
ModeO 
Mode 1 
Mode2 

The CAP input is for external component connection. A capacitor 
of 0.047 µF ±20% should be used at this input. 

SYNCHRO (Pin 4) 
The a-c line frequency (50Hz/60Hz), when applied to this input, 
synchronizes all internal timings with the line frequency through a 
phase locked loop. The signal for this input may be obtained from 
the line voltage by employing the circuit arrangement shown in 
the application examples. 

SENSOR (Pin 5) 

through the ~uccessive levels of phase angles (brightness). The 
output stepping takes· place with. the trailing edges of the input 
pulses. 

SLAVE (Pin 6) 
The SLAVE input is functionally similar to the sensor input with ' 

··. · . the exception that a positive going pulse is the active signal in this 
c:ase. It.rs recommended that the SLAVE input be used instead of 

·.the SENSOR inpuf when long extension cables are used between 
the sensor plate and the dimmer circuit. 

Voo (Pin 7) 
Supply voltage negative terminal. 

OUT (Pin 8) . . . 
The output is a low level pulse of fixed duration, occurring every 
half cycle of the SYNCH RO input signal. The ·phase angles, ~ of 
the output in .relation to the synchro signal controls the lamp 
brightness. The 5 levels of brightness correspond to the phase 
angle values (~) as follows: 

OUTPUT PHASE ANGLE (~) 
No output 
45° 
70° 

105° 
159° 

BRIGHTNESS LEVELS 
Off 
Night light 
Mood Light 
Medium 
Maximum Low level pulses applied to this input cause the output to step 

~~~~~~~~~~~~~-'-~~~~~~~~~~~~_,·I 

r-¢ 
-----1 f.-m .. .·. . . 

FIGURE 2 ·OUTPUT PHASE·ANGLE cp 

OUT-~LJ u 
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ABSOLUTE MAXIMUM RATINGS: 

PARAMETER SYMBOL 
DC supply voltage Vss 
Any input voltage V1N 
Operating temperature TA 
Storage temperature Tstg 

DC ELECTRICAL CHARACTERISTICS 
(TA = 0 to 80°C, all voltages referenced to Voo) 

PARAMETER SYMBOL MIN. TYP 
Supply voltage Vss +12 
Supply current lss 1.0 

Input voltage 
MODE LO V1zL 0 
MODE HI V1zH Vss-1.5 
Synchro LO V1RL 0 
Synchro HI V1RH V55-5.5 
Sensor LO VIOL 0 
Sensor HI V10H Vss-2 
Slave LO VIVL 0 
Slave HI V1vH Vss-2 

Input Current: 
Synchro, Sensor 

& Slave HI l1H 

Synchro, Sensor 
& Slave LO IL 

Output HI Vltg Vss 
Output LO Vltg Vss-4 
Output Sink 

Current 25 

FREQUENCY CHARACTERISTICS (See Fig. 2 & 3) 
All timings are based on f5 = 60Hz, unless otherwise specified. 

PARAMETER 
Synchro Frequency 
Sensor Duration 
Output Pulse Width 

I LS7237 

SYMBOL 
fs 
Ts1 
Tw 

MIN. 
40 
49 
40 

LSl/CSI 

VALUE 
+20 
Vss + .5 
Oto +80 
-65 to +150 

MAX 
+18 
1.5 

Vss-9 
Vss 
Vss-9.5 
Vss 
Vss-8 
Vss 
Vss-8 
Vss 

700 

15 

TYP. 

UNIT 
Volts 
mA 

Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 

uA 

nA 
Volts 
Volts 

mA 

MAX. 
70 
Infinite 
55 

UNITS 
Volt 
Volt 
oc 
oc 

CONDITIONS/ 
REMARKS 

@Vss = +15V, 
output off 

Vinput = Vss 
= +15V 

Leakage current 

@Vss = +15V 
Vo= Vss-3 

UNIT 
Hz 
ms 
µ,S 
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159° 

0.MODEO 
OFF 

70° 

0. MODE 1 
OFF 

45° 
0. MOOE2 OFF 

© 
SYNCH RO 

@ 
CAP 

@ 
MODE 

© SLAVE 

© 
SENSOR 

0 
VSSI+) 

0> VDD(-) 

9-12 

TS1 ___..J 

159° 

OFF 

159° 

10s· 

I 

105· 
70° 

FIGURE 3 
SENSOR VS. OUTPUT PHASE ANGLE. cp 

PHASE- BRIGHTNESS LOCKED MEMORY LOOP 

CONTROL 
PHASE 
ANGLE 

LOGIC POINTER 

FIGURE 4 

BLOCK DIAGRAM 

LSl/CSI 

I OFF 

I OFF 

159° 

OUTPUT 
DRIVER 

159° 

70° 

OFF 

OUT 

© 
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APPLICATION EXAMPLES: 
1. A TYPICAL LIGHT DIMMER (FIGURE 5) 
A typical implementation of the light dimmer circuit is shown in Fig. 5. Here the brightness of the lamp is set by touching the sensor 
plate. The functions of different components are as follows: 

• The 1!iV DC supply for the chip is provided by Z, 01. R1, C2 and CS. 
• R2 and C4 generate the filtered signal for the SYNCH RO input for synchronizing the internal PLL with the line frequency. 
• R3 and C1 act as a filter for the electronic extension. If extensions are not used, the slave input (Pin 6) should be tied to VDo 

<Pin 7). 
• R.i, Rs. and Rs set up the sensitivity of the sensor input. Cs provides noise filtering. 
• C3 is the filter capacitor for the internal PLL. 
• D2 limits the positive excursion of Triac gate to about Vss + .SV. This postive excursion of the gate may occur during the 

triggered state of certain triacs. 
• C1 and Lare RF fitter circuits. 

In the case of momentary power failure, the circuit state remains unchanged for a period of up to 1 sec. For longer power 
interruptions, the output is shut off. 

C1 = 0.1Sµ.F/2SOVAC 
C2 = 0.22µ.F/2SOVAC 
C3 =0.047µ.F/2SV 
C4 = 470pF/600V 
CS = 47 µ.F/2SV 
C6 = 680pF/SOV 
C7 = .2µF/25V 
R1T270Q/2W 
R2 = 1.5M/%W 
R3 = 680KQ /%W 

115VAC 
R4 = 1 M n to SM n 
(select for sensitivity) 
/%W 
RS, R6 = 2.7MQ /%W 
01, 02 = 1N4148 
Z = 15V/1W (Zener) 
T = T2500D or Q4004L4 
Triac (Typical) 
L = 100,u.H 
(RFI Filter) 

C1 = 0.15µ.F/400VAC 
C2 = 0.22µ.F/400VAC 
C3 = 0.047 µ.F/25V 
C4 = 470pF/600V 
CS = 47 µ.F/25V 
C6 = 680pF/50V 
C7 = .2µF/25V 
R1=1KQ/1W 
R2 = 1.SMQ 
R3 = 680K Q/%W 

220VAC 
R4= 1MQto5MQ/%W 
RS, R6 = 4.7M Q/%W 
01, 02 = 1N4148 
Z = 15V/1W(Zener) 
T = 05004L4 Triac (Typical) 
L = 200µ.H 
(RFI Filter) 

I 
LS7237 LSl/CSI 
I 
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Cl 

110VAC 

220VAC 

41lOW LAMP 

N 

MTI 

02 

z 
C5 

Rl 

C2 
01 

8 17 16 
Out VDD Slv 

LS7237 

VSS Mode Cap 

R2 I 12 IJ 

FIGURE 5 
A TYPICAL LIGHT DIMMER 
Notes: 1) All circuits connected by broken lines are optional 

2) C7 is used only when electronic extension is connected 

C7 

I I 
-I 1-"'­

I I 

RJ 

15 
Sens 

Sync 

_l_ 
EXTN r--° ~ P 

r-~~~~L-- I ----. 

R5 

I s R4 

C4 

ELECTRONIC 

EXTENSION 
Cf1g. 61 

R6 
~SENSOR 

PLATE 



EXTN IN914 22Mll1/4W 

T ~~~~~B 
2Mll1/4W 

2Mll1/4W 

150Kll1/4W 15Mll1/4W 

FIG.6 - ELECTRONIC EXTENSION 

~A 

2. EXTENSIONS (FIGURE 6) 
All switching and dimming functions can also be implemented by utilizing the slave input. This can be done by either a mechanical 
switch or the electronic switch in conjunction with a sensing plate as shown in Fig. 6. When the plate is touched, a logical high level 
is generated at the EXTENSION terminal for both half cycles of the line frequency. 

110VAC 

N 

2A 

C1 

r--

I LAMP 

I 

C2 01 

RI 
LAMP 

CONNECTION 

R2 

02 

C5 

8 7 6 5 
OUT VDD SLV SENS 

LS7237 

VSS MODE CAP SYNC 
1 2 3 

CJ 

r------------------, 

RJ R4 

R7 

L------------ - .J 

AGC TOUCH CONTROL WITH LINE PLUG REVERSIBILITY 

~~:~:CTION ~--o----c-4~ (FIGURE 7) 
SEE NOTE 1 

C1 = 0.1µ.F/250V 
C2 = 0.5µ.F/250V 
C3 = 0.047µ.F/16V 
C4 = 470pF/600V 
C5 = 68µ.F/25V 
C6,C7 = .001µ.F/1KV 
C8 = 0.1µ.F/50V 
C9 = 0.5µ.F/50V 
C10 = 100pF/50V 
C11 = 0.047µF/250 V (See Note 2) 

R1 = 1KW1W 
R2 = 1.5MW1/4W 
R3 = 100KW1/4W 
R4 = 4.7Mfl/1/4W 
R5 = 680KW1/4W 
R6 = 10KW1/4W 
R7 = 51KW1/4W 
R8 = 1.8KW/21W (See Note 2) 

01,02 = 1N4148 
03 = 1N4007 
IC1 = C04069 
Z = 15V/1W (ZENER) 
Q1 = MPSA13 
L = 100µH (RF1 FIL TEA) 
S =SENSOR PLATE 
T = Q4004L4 Triac (TYPWAl) 

NOTE 1: This circuitry can also be used to achieve reversible plug operation for motor speed control and heating element applications. 
NOTE 2: Network R8-C11 is needed for inductive loads (such as motors) only. 

3. TOUCH CONTROL WITH AGC (Figure 7) AND LINE PLUG REVERSIBILITY 
In applications where a lamp metal body or a motors metal framework is used as the sensor plate, the AGC circuit of Figure 
7 may be used to accommodate a wide range of sensor plate sizes. Sis the metal body which is also the touch sensor plate. 
The CMOS inverter pair (IC 1). along with the RC network R7-C1 O forms an oscillator circuit running at a nominal freQuency 
of 100KHz. The oscillation is coupled to tile anode of 03 through resistor R6. Since the amplitude of oscillation is 
of fixed magnitude, the O.C. voltage at the cathode of 03 is at a fixed level. This keeps the darlington pair 01 on, but close 
to cutoff level. When S is touched, the amplitude of oscillation at the anode of 03 decreases. This decrease causes the O.C. 
voltage at the cathode of 03 to drop, which in turn is coupled through C9 to the base of 01, cutting 01 off. The collector 
voltage of 01 rises to logic 1 level for the LS7237 sense input causing the output to step to the next intensity level. The 
voltage across C9 adjusts itself automatically as a function of lamp size thereby providing circuit AGC. 
SNUBBER NETWORK R8-C11 is only required for inductive loads, such as motors. 

LS7237 LSl/CSI 9-15 
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LSl/CSI LS 7331 
LS 7332 

TOUCH SENSITIVE LIGHT DIMMER AND A.G. MOTOR SPEED 
CONTROLLER WITH COMPUTER CONTROL AND MONITORING 

FEATURES: 
o Provides speed control of A.C. motors and brightness 

control of incandescent lamps without the use of 
mechanical switches. 

o Controls brightness/motor speed by controlling the a-c 
"duty cycle" hence reducing the power dissipation 

o Controls the "duty cycle" from 23% to 88% (on time 
angles for a-c half cycles between 41° and 159° 
respectively. 

o Allows computer control of lamp or motor operation. 
o Provides outputs to computer indicating when lamp 

is at full brightness and when it is varying in brightness. 
o Has an output that indicates when loss of power has 

occurred. 
o Operates on 50 Hz/60 Hz line frequency. 
o Input for extensions or remote sensors. 
o Input for slow dimming. 
o 12V to 18V DC supply voltage. 

DESCRIPTION: 
LS 7331 and LS 7332 are monolithic, ion implanted MOS 
circuits that are specifically designed for the control of 
brightness of incandescent lamps or speed of AC motors 
used on the a-c line. The outputs of these chips control the 
brightness of a lamp or speed of an AC motor by controlling 
the firing angle of a triac connected in series with the lamp 
or AC motor. All internal timings are synchronized with the 
line frequency by means of a built-in phase locked loop cir­
cuit. The output occurs once every half cycle of the line fre­
quency. Within the half-cycle, the output can be positioned 
anywhere between 159° phase angle for maximum 
brightness/speed and 41° phase angle for minimum 
brightness/speed in relation to the line frequency. The posi­
tioning of the output is controlled by applying a low level 
at the sensor input or a high level at the slave input. Alter­
nately, the sensor input can be applied via a microprocessor 
or computer. The DIM and FULL outputs are used to indicate 
the present state of the lamp or motor to the computer. 

These functions may be implemented with very few inter­
face components, which are described in the application ex­
amples. When implemented in this manner, a touching of 
the sensor plate or a control signal from the computer causes 
the lamp brightness or motor speed to change as follows: 

1. If the sensor is touched or a control signal is applied 
momentarily (32ms to 332ms), the lamp or motor is: 
(a) turned off if it was on, 
( b )turned on if it was off. The brightness/speed to 

which the light/motor is turned on is either full 
brightness/speed, or depending on the circuit type, 
a previous brightness/speed stored in the memory. 

REVISED JANUARY 1987 

CONNECTION DIAGRAM - TOP VIEW 
STANDARD 14 PIN PLASTIC DIP 

vss 
SENSOR 1 r-

SQ 14 ( + 12 to + 18 VDC) 

NC 2 SYNCHRO 

SLAVE 3 CAP 
r-

VDD (GND) 4 
en 
-...JI 
CA) 

DIM OUT 5 w ..... DOZE 

NC 6 

FULL OUT 7 8 OUT 

FIGURE 1 

2. If the sensor is touched or the control signal is ap­
plied for a prolonged time (more than 332ms) the light 
intensity/speed changes slowly. As long as the touch 
is maintained, the change continues; the direction of 
change reverses whenever the maximum or minimum 
brightness/speed is reached. 
The circuit also provides an input for slow dimming. 
By applying a slow clock to this input, the lamp can 
be dimmed slowly until total turn off occurs. This 
feature can be useful in children's bedroom lights. 

INPUT/OUTPUT DESCRIPTION: 

VSS (Pin 14). 
Supply voltage positive terminal. 

DOZE (Pin 10). 
A clock applied to this input causes the brightness/speed 
to decrease in equal increments with each negative transi­
tion of the clock. Eventually, when the lamp/motor turns off, 
this input has no further effect. The lamp/motor can be turned 
on again by activating either the SENSOR input or the SLAVE 
input. For the transition from maximum brightness/speed 
to off, a total of 83 clock pules are needed at the DOZE input. 



The functional differences of different variations of the light dimmer circuits are explained in Table I and the output phase 
angle diagrams in Fig. 3. 

TABLE I 

TYPE SENSOR (TOUCH) DURATION DIMMING 
DIRECTION 
REVERSAL 

MOMENTARY PROLONGED 
(32ms to 332ms) (note 3) (More than 332ms) (note 3) 

PRE-TOUCH POST-TOUCH PRE-TOUCH POST-TOUCH 
BRIGHfNESS BRIGHTNESS BRIGHTNESS BRIGHTNESS 

LS 7331 Off Max Off Starts varying at Min. N/A 

Max. Off Max. Starts varying at Max. N/A 
Intermediate Off Intermediate Starts varying at NO 

Pre-Touch brightness 

LS 7332 Off Memory Off Starts varying at YES 
(See note 1) Memory (Note 2) 

Max Off Max. Starts varying at Max. NIA 

Intermediate Off Intermediate Starts varying at YES 
Pre-Touch brightness 

NOTE 1. "Memory" refers to the brightness stored in the memory. The brightness is stored in the memory when the light is 
turned off by momentary sensor touch. First time after power-up, momentary touch produces max. brightness. 

NOTE 2. First time after power-up, prolonged touch causes intensity to vary starting at min. 
NOTE 3. The time figure is based on 60Hz synchro frequency. For 50Hz the figures are 39ms and 399 ms. 

When either the SENSOR or the SLAVE input is active, the 
DOZE input is disabled. 

CAP (Pin 12). 
The CAP input is for external component connection. A 
capacitor of .047µ.F±20% should be used at this input. 

SYNCHRO (Pin 13). 
The a-c line frequency (50Hz/60Hz), when applied to this in­
put, synchronizes all internal timings through a phase lock­
ed loop. The signal for this input may be obtained from the 
line voltage by employing the circuit arrangement shown in 
the application notes. 

SENSOR (Pin 1). 
A low level applied to the SENSOR input controls the turn on or 
turn off of the ·output as well as its phase angle with respect to 
the SYNCH RO input. A description of this is provided in the general 
description and Table 1. 

SLAVE (Pin 3). 
The SLAVE input is functionally similar to the SENSOR input with 
the exception that the active level is a logical high as compared 
to the logical low level for the SENSOR input. It is recommended 
that the SLAVE input be used instead of the SENSOR input when 
long extension wires are used between the sensing plates (or swit­
ches) and the dimmer chips. 

VDD (Pin 4). 
Supply voltage negative terminal. 

2 

OUT (Pin 8). 
The output is a low level pulse occurring once every half cycle 
of the SYNCHRO signal. The phase angle, 0 of the output in rela­
tion to the SYNCHRO signal controls the lamp brightness/motor 
speed. 
In continuous dimming operation (i.e., when the SENSOR input 
is continuously held low) the output phase angle, 0 sweeps up and 
down between 41° and 159° continuously. The time vs 0 curve, 
however, is not a linear one (see Fig. 3). Between two maxima 
on this curve, there are 4 discontinuous points labeled A1, B1, B2, 
A2. The discontinuities are as follows: 
1. From maximum to A1. In this region, 0 is changed by equal 

increments (A0) for every 2 SYNCHRO clocks. 
2. From A1 to B1. In this region, the increments (A0) take place 

for every 4 SYNCHRO clocks. 
3. From B1 to B2. In this. region 0 is held at a constant level (A0 

= 0). 
. 4. From B2 to A2. Same as 2. 
From A2 to Maximum. Same as 1. 
The slower rate of change in 0 over A1 B1 B2A2 region is to accom­
modate for eye adjustment at lower light/speed intensity. 
DIM OUT (Pin 5). 
This CMOS compatible output is high whenever the circuit is in 
the continuous dimming mode of operation. When the lamp/motor 
is off or at full brightness/speed, this output is low. 

FULL OUT (Pin 7). 
This CMOS compatible output is high when the lamp/motor is a 
full brightness/speed. If the lamp is off or in the continuous dim­
ming mode, this output is low. 
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A TYPICAL LIGHT DIMMER/MOTOR SPEED CONTROL 
Notes: 1) All circuits connected by broken lines are optional 

2) C7 is used only when electronic extension is connected 
3) Jumper between Pin 10 & VSS should be broken when Doze circuit is used. 
4) Network CB-R7 is needed for inductive loads (such as motors) only. 

220 VAC 

R4 = 1MO to 5MO/V4W C1 = 0.15µF/250VAC R3 = 6BOK0/1/4W 
(select for sensitivity) C2 = 0.22µF/250VAC R4 = 10KOV4W 
R5, R6 = 2.7M0/1/4W C3 = 0.47µF/16V R4 = 1 MO to 5MD/1/4 W 
R7 = 1.BKD/2W (see mite -4) C4 = 470pF/600V (select for sensitivity) 
Q1 = 2N2222 or equivalent C5 = 47µF/25V R5, R6 = 4.7MD/V4W 
D1, D2 = 1N414B CB= 6BOpF/50V R7 = 1.BK0/2W (see note #4) 
z = 15V/1W (Zener) C7 = 0.2µF/25V Q1 = 2N2222 or equivalent 
T = T2500 (T riac) CB = 0.047µF/250V D1, D2 = 1N414B 
L = 100µH (see note #4) z = 15V/1W (Zener) 
(RFI Filter) R1 = 270D/2W T = T2500 (TRIAC) 

R2 = 1.5MO/Y4W L = 200µH 
(RFI Filter) 
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SENS 

150° 

900 • 40° 
0 

150° 

900 

40° 
0 

FREQUENCY CHARACTERISTICS (See Fig. 2 & 3) 
All timings are based on fs =60Hz, unless otherwise specified. 

PARAMETER SYMBOL MIN TYP. 
Synchro Frequency 
Sensor Duration 

(ON/OFF Oper.) 
Sensor Duration 

(Dimming Oper.) 
Doze Frequency 
Output Pulse Width 
Output Phase-Angle 

(Note 1) 
</>Period (Max to Max in 

continuous dimming) 

f s 

Ts1 

Ts2 

TW 

0 

-40 

32 

332 

40 

41 

7.28 

A1 B1 =B2A2. duration 934 

MAX. .!lli!l. 
70 Hz 

332 ms 

infinite ms 

500 Hz 
55 µS 

159 degrees 

sec. 

ms 
B1 B2. Min.intensity dwell 500 ms 
Note 1. In the circuit arrangement described in the application notes. the synchro input signal is delayed in phase in relation to the line 

+ 

frequency by about 6°. resulting in a q, range between 35° anct 152°. With higher R-C value the phase angle range may be shifted 
down further. 

lJ 
-1 ~TW 

FIGURE 2 OUTPUT PHASE ANGLE cp 

i ll t L, j ~ ! 1 ~ .J 
A1 

81 82 82 ~---
LS 7331 

Bl 82 
LS 7332 

2 4 6 8 10 12 14 16 20 
SECONDS 

FIGURE 3 
OUTPUT PHASE ANGLE, 0 Vs, SENSOR OUTPUT 

4 



POWER FAIL OUT (Pin 9). 
If the SYNCHRO input does not occur for two successvie cycles, 
then a loss of power is assumed to have occurred and this output 
becomes low. This output will become positive again one cycle 

1 after power is restored. This output is CMOS compatible. 

APPLICATION EXAMPLES: 
A typical implementation of the light dimmer/motor speed control 
circuit is shown in Fig. 5. Here the brightness of the lamp/speed 
of the motor is set by touching the sensor plate or by applying 
a control signal to 01 from the computer. The functions of different 
components are as follows: 

ABSOLUTE MAXIMUM RATINGS: 
PARAMETER SYMBOL 
DC supply voltage vss 
Any pinput voltage VIN 
Operating Temperature TA 
Storage :remperature Tstg 

DC ELECTRICAL CHARACTERISTICS: 
(TA =0 to 80°C, all voltages referenced to VDD) 

PARAMETER SYMBOL MIN. 
Supply voltage Vss +12 

Input Voltage 
Doze LO V1zL 0 
Doze HI V1zH VSS-2 
Synchro LO V1RL 0 
Synchro HI V1RH Vss-5.5 
Sensor LO VIOL 0 
Sensor HI V10H Vss-2 
Slave LO V1vL 0 
Slave HI V1vH Vss-2 
Slave Current: 
Synchro, Sensor 

& Slave HI l1H 

Synchro, Sensor 
& Slave LO IL 

Doze HI 
Doze LO 
Output HI Vltg 
Output LO Vltg 
Output Sink 

Current 25 

Dim, Full Vol 
& Power Fail VoH VSS-1 

TYP 

Vss 
Vss-4 

3 

o The 15V DC supply for the chip is provided by Z, D1, R1, 
C2 and C5. 

0 R2 and C4 generate the filtered signal for the. SYNCHRO in­
put for synchronizing the internal PLL with the line frequency. 

0 RJ and R4 are current limiting resistors in the event the ex­
tension circuit is incorrectly polarized. If extensions are not 
used, the slave ,input (Pin 3) should be tied. to V00 (Pin 7). 

o Rs sets up the sensitivity of the sensor input. 
° C3 is the filter capacitor for the internal PLL. 
o. D2 limits the positive excursion if Triac gate to about V85 

+ .5V. This positive excursion of the gate may occur during 
the triggered state of certain triacs. 

o C1 and L are RF filter circuits. 

VALUE UNITS 
+20 Volt 
vss + .5 Volt 
Oto + 80 oc 
-65 to + 150 oc 

CONDITIONS/ 
MAX UNIT REMARKS - -
+18 Volts 

Vss-6 Volts @ Vss = +15V, 
Vss Volts output off 
Vss-9.5 Volts 
Vss Volts 
Vss-8 Volts 
Vss Volts 
Vss-8 Volts 
Vss Volts 

700 µ,A Vinput=Vss 
=+15V 

15 nA Leakage current 
5 nA 
5 nA 

Volts 
Volts 

mA @Vss=+15V 
Vo = Vss-3 

0.5 Volts 
Volts 
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FIGURE 6 - ELECTRONIC EXTENSION 
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FIGURE 7 DOZE CIRCUIT 

In the case of momentary power failure, the circuit state remains 
unchanged for a period of up to 1 sec. For longer power interrup­
tions, the output is shut off. 

EXTENSIONS: (Fig. 6). 
All switching and dimming functions can also be imi;>lemented by 
utilizing the slave input. This can be done by either a mechanical 
switch or the electronic switch in conjunction with a sensing plate 
as shown in Fig. 6. When the plate is touched, a logical high level 
is generated at the EXTENSION terminal for both half cycles of 
the line frequency. 

The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor for any infringements of patent rights of others which 
may result from its use. 

LSI COMPUTER 
SYSTEMS INC. 

•• =• • •• 
6 

DOZE CIRCUIT: (Fig. 7). 
The Doze circuit shown in Fig. 7 generates a slow clock (0.04Hz) 
at the DZ terminal. If the sensor plate (Fig. 5) is not touched, the 
SENS terminal of the Doze circuit of Fig. 7 sits at a logical high 
level. A momentary pressing of the Doze switch sets the SR flip­
flop, enabling the oscillator. Every negative transition of the clock 
(DZ terminal) causes the light intensity to be reduced by equal in­
crements, until eventually the light is shut off. The oscillator has 
no further effect on the dimmer circuit. When the lighUmotor is 
turned on again by touching the sensor plate, the SR flip-flop is 
reset and the DZ clock is turned off. 
When the Doze circuit is used, the connection between Doze input 
(Pin 10) and V55 (Pin 14) as shown in Fig. 5, should be removed. 

Manufacturers of Custom and Standard LSI Circuits 
1235 Walt Whitman Road, Melville, NY 11747 
TWX: (510) 226-7833 FAX: 516 271 0405 
Telephone: (516) 271-0400 
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LS7240 6 DECADE, 7 LEVEL COMPARATOR WITH MEMORY 
EA TURES: 
·Direct Interface with CMOS CD4510 Presettable Up/Down 
Counter 

, Direct Interface with LS7040 Dual 3 Decade Counter 
Multiplexed BCD/HEX Data 1/0 
DC to 60KHz Scan Frequency at 5V 
Cascadable 

' 7 Levels of 24 Bit Comparators 
1. Thu mbwheel Switch Interface for 7 Level Storage Data 

CMOS Type Noise Immunity 
· Single Power Supply Operation +4. 75to+15 Volts 
1 CMOS Compatibility 
>Power-On-Reset 
I All Inputs Protected 
•High Input Impedance 
I 

I Low Power Dissipation 

·ESCRIPTION: 
he LS7240 is a monolithic, ion implanted MOS 7-Level 

1
digit (BCD or HEX) memory/comparator. It includes seven 
decade comparators and memory, a comparator output, 
4 bit data 1/0 Bus, 7 synchronizing strobes for thumb­
heel and display drive and 24 parallel data input lines. Data 
ritten in each of the 7 levels of memory is compared with 
ie data placed in the 24 bit parallel inputs and the result is 
1dicated by the Multiplexed comparator output. The 4 bit 
0 serves as either the inputs for writing into any of the 7 
1emories or outputs for displaying either the 24 bit parallel 
ata or any one of the memories. 

IESCRIPTION OF OPERATION: 

bAN OSCILLATOR AND DIGIT SELECT STROBES: 
I 

he SELECT STROBE GENERATOR is driven by an 
11ternal oscillator whose frequency is determined by an ex­
!rnal RC network (as shown in Fig. 4). Table I indicates 
!Veral frequencies and their associated resistor-capacitor 
etworks. 
he SELECT STROBES scan from DS1 to DS7. DS7 selects 

,1e particular comparator memory to be selected and DS1 
hrough DS6 selects the LSD to MSD digit to be loaded. 
·~aximum scan frequency is 60KHz at 5V, 40KHz at lOV and 
10KHz at 15V. All 1/0 timings are synchronized by the DS 
trobes as explained in each 1/0 section. 

I 
'ARALLEL INPUT DATA AND COMPARATOR OUTPUT: 

iCD data applied from the counter to the 24 bit parallel 
nputs is compared with the 7-level memory. All 24 bits of 
1ach memory are compared in parallel and 7 internal com­
:>arisons are performed. These comparisons result in a logical 
jl" if the memory level and input data are equal or a logical 
fO" if not equal. The internal comparisons are multiplexed 
vith the strobe outputs, i.e. MEMORY 1 is muxed with DSl, 
I 

I 
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LS7240 CONNECTION DIAGRAM: 
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12 29 
13 28 
14 27 

LSD+4 g 15 26 
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FIGURE 1 
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MEMO RY 2 is muxed with DS2, etc. (See Figure 4). A single 
output comparator line is demuxed externally. The positive 
edges of the DIGIT STROBES are used to strobe the compar­
ator output line into their respective latches as shown in 
figures 2 and 5. The positive edge of DSl is used to demux 
comparator 1 from the common comparator output, pos· 
itive edge of DS2 demuxes comparator 2 etc. 
The data provided by the counter is BCD data. However, 
HEX data, binary data or any other format of data may also 
be used as inputs. All that would be required is that the 
internal memory is correspondingly loaded. 

DATA 1/0 AND LOAD COMMAN·a 

The 4 bit data 1/0 acts as inputs when the OS strobes are 
active (high) and as outputs in between strobes. The in 
between strobe time is typically 5 µ.s. In the input mode, 
the data applied selects the memory to be addressed as well 
as the 6 digit number to be loaded. Figure 5 indicates how 
a set of 7 thumbwheel switches is used to load the memory. 
The LS7240 has internal pull down resistors on its 1/0 lines. 
Data applied during DS7 serves as the memory address, 
while data applied during the 9Ucceeding DSl through DS6 
loads LSD through MSD respectively into the selected 
memory. Data is loaded into the memory at the trailing edges 
of the OS strobes. In between strobes, when the 1/0 bus is in 
the output mode, the selected 6 digit memory is multiplexed 
out. The MSD is applied to the output during the DSl and 
DS2 inter-strobe delay. The LSD+4 output occurs between 
DS2 and DS3, LSD+3 between DS3 and DS4, LSD+2 between 
DS4 and DS5, LSD+l between DS5 and DS6, and LSD 
between DS6 and DS7. 
The load command output can be used as a strobe for storing 
the output data into external latches for display or control 
functions. 
A number of LOAD/DISPLAY combinations for data 1/0 is 
possible as ex plained in Table II. The data in this truth table 
refers to the input data applied to the 1/0 bus during active 
DS7. 

The display is shown in figure 5. The LOAD COMMAND is 
used to load the BCD DATA into a CD4511 or equivalent. 
The DIGIT SELECT STROBES are used to enable the LED's 
as shown. DS2 is used to display the MSD, DS3 displays 
LSD+4, DS4 displays LSD+3, DS5 displays LSD+2, DS6 
displays LSD+ 1 and DS7 displays LSD. 
The LS7240. is equipped with an ANTI-BOUNCE feature. 
Input data must be stable at the input to the 1/0 bus for a 
minimum of 700 scan cycles before it can be loaded into the 
memory. Typical Anti-Bounce times as a function of scan fre­
quency is indicated in Table Ill. Similarly, removal of data 
must be stable for 700 clock cycles before it is recognized as 
a complete removal. 

POWER-ON-RESET: 

An internal POWER-ON-RESET isJ>rovided to reset all mem­
ories to "O" and sets DS7 (Pin 30) to logic "1" upon 
application of power. 

POWER SUPPLIES: 

The circuit will operate over the range of +4.75 to +15 volts. 

-----------~----- -- ~- - ----

TABLE I 
Voltage 

5V 

Resistor 

220KO 
680KO 

1.5MO 

Capacitor 
50pf 
50pf 
50pf 

Typical Frequency 
60KHz 
30KHz 
15KHz 

lOV 
470KO 

lMO 
2MO 

50pf 
50Rf 
50pf 

40KHz 
20KHz 
lOKHz 

15V 
lMO 
2MO 
4.7MO 

50pf 
50pf 
50pf 

20KHz 
lOKHz 
5KHz 

TABLE II 
Truth Table for Load/Display Combination 

B3 B2 81 

0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 

1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 

0 0 0 

0 0 

TABLE Ill 

Scan Frequency 
(KHz) 

60 
40 
20 

BO 

1 Display Memory 1 
0 Display Memory 2 
1 Display Memory 3 
0 Display Memory 4 
1 Display Memory 5 
0 Display Memory 6 
1 Display Memory 7 

1 Load & Display Memory 1 
0 Load & Display Memory 2 
1 Load & Dispaly Memory 3 
0 Load & Display Memory 4 
1 Load & Display Memory 5 
0 Load & Display Memory 6 
1 Load & Display Memory 7 

0 Displays 24 Bit Input Data 

0 Resets All Memories and 
Displays Memory 1 . 

Anti-Bounce 
(milliseconds) 

12 
17.5 
35 

TECHNICAL DATA: 

INPUTS/OUTPUTS- All inputs and outputs are CMOS com· 
patible over entire range of power supply voltage limits. 
LOGIC- Positive True. 
PACKAGE- 40 Pin Dual-In-Line plastic. 

The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 
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MAXI MUI 
I 

Parameter : 
DC Supply i 
Operating Tl 
Storage Ten 

All inputs I 
charges. Cai 
outside the j 

I 

DC ELEC'I 

(V00=DV, I 
OUTPUT SF 

i 
I 

SOURCE cl 

VoH=VsJ 

Vo..-Vs1 
SINK CURF 
----' 

I 
VoL=Voo-1I 

I 
SOURCE Cl. 

VoH=Vsj 

I 
VoH=Vss-1 

SINK CURR 
I 

BCD 1/0 

SOURCE CU 
VoH=Vss-J 

I 
VoH·Vss-1 

VoH=Vss-' 
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BLOCK DIAGRAM OF PROGRAMMABLE COUNTER CONTROLLER 

7 COMPARATOR OUTPUTS THUMBWHEEL ASSEMBLY 

I 
I 

I! 

r -' -, 

I 
L 

DEMUX 

SCAN 
OSCILLATOR 

l l 
L I~ 

IK:,---~ 

"' 

-~ 

7 SELECT 
STROBES 

SELECT STROBE 
GENERATOR 

7 LEVEL 
COMPARATOR 

MEMORY 
BLOCK 

/, ·~ 24 BCD INPUT 

l I 

4 BCD OUTPUT 

1 

I J 

I 
I 
I 
I 
I 
I 

CONTROL 
I 

LS7240 _J 
--- --- --

COUNT~ 
·INPUT 

LS7040 

FIGURE 3 
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The thumbwheel assembly is used to load the LS7240 as well as the synchronous six decade up/down counter. To preset the CD4510's, the inputs 
to the thumbwheels A.through Fare connected to the positive supply and the BCD outputs are applied to their respective CD4510 inputs. External 
1 Meg resistors are used at the thumbwheel outputs. The Load Command is used to reset and then preset the counter to the number selected. 

FIGURE 5 
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oltages referenced to V ool 

I Symbol Value 

Vss +4.75 to +15 
TA -25 to +70 
Ts,TG -65to+150 

Units 

Vdc 
oc 
oc 

1 circuitry to prevent damage due to high static 
ised to prevent unnecessary application of Voltage 

i'CTERISTICS: 

iV, -25° c~ TA~ +10°c unless otherwise specified). 
I 

llT SELECT STROBES 

I Vss Min. Typ. 

5Vdc 0.4 1.0 
10Vdc 1.0 1.6 
15Vdc 1.2 2.0 

5Vdc 
10Vdc 
15Vdc 

5Vdc 
10Vdc 
15Vdc 

1.4 
2.7 
3.5 

2.3 
6.0 
7.4 

2.0 
4.0 
5.0 

3.0 
9.0 
9.6 

5Vdc 16.0 27.0 
10Vdc 13.0 19.0 

I 15Vdc 9.0 15.0 

Im AND COMPARATOR OUTPUT 

I V ss Min ..I'll!:. 

I 
5Vdc 0.1 0.3 

10Vdc 0.3 0.6 
I 15Vdc 0.5 1.0 

5Vdc 
10Vdc 
15Vdc 

5Vdc 
10Vdc 
15Vdc 

5Vdc 
10Vdc 
15Vdc 

Vss 
5Vdc 

10Vdc 
J5Vdc 

5Vdc 
10Vdc 
15Vdc 

5Vdc 
10Vdc 
15Vdc 

0.2 
1.0 
1.5 

0.5 
2.2 
3.4 

19.0 
16.0 
13.0 

Min. 

0.1 
0.3 
0.5 

0.5 
1.0 
1.5 

0.5 
2.2 
3.0 

0.4 
1.5 
2.5 

0.9 
3.2 
5.0 

30.0 
23.0 
17.0 

Typ. 

0.3 
0.6 
1.0 

0.9 
1.5 
2.5 

0.9 
3.2 
5.0 

Max. 

Max. 

Units 

mA 

mA 

mA 

µA 

mA 

mA 

µA 

Units 

mA 

mA 

mA 

SINK CURRENT, loL Vss Min. Typ. Max. 

5Vdc 7.0 10.0 
VoL=Voo+.4V 10Vdc 5.0 7.0 

15Vdc 3.0 5.0 

QUIESCENT SUPPLY CURRENT 

(All Inputs Pins Tied to Vssl 

Symbol Vss 

loo 5V 
10V 
15V 

Max. 

12.0 
15.0 
18.0 

(All Output Pins Left Open) 

Units 

mA 

INPUT VOLTAGE SPECIFICATIONS: (All Inputs Except Scan) 

Units 

µA 

Parameter Symbol Vss Min. Max. Units 

Input Voltage V1L 5Vdc 0 1.5 Vdc 
"O" Level 10Vdc 0 3.0 

15Vdc 0 4.5 

Input Voltage V1H 5Vdc 3.5 Vss Vdc 
"1" Level 10Vdc 7.0 Vss 

15Vdc 10.5 Vss 

DYNAMIC ELECTRICAL CHARACTERISTICS: 
(Voo=O, Vss= +4.75 to +15V, -25°C~ TA~+7o0 c unless otherwise specified). 

Parameter Symbol Min. Max. Units 

Scan Input Frequency 
Vss=5V fsc 
Vss=10V fsc 
Vss=15V fsc 

Inter-strobe delay t1so t 
Load Command Set-Up Time tLcs t 
Comparator Output 
Set-Up Time tcs t 

tSee Figure 2. 

DS4 ------------' 

1.5 
0.2 

1.5 

D5'----'---------------' 

60.0 
40.0 
20.0 

12.0 
2.5 

10.0 

DS6 ---;---------------__J 

KHz -KHz 
KHz 

µs 
µs 

µs 

DSI ---;----,::::----:-:::-:----:=-:-----------' 

~~I~ Output* -*---~i Li4 Li3 i' Lil 'i 
Load Command ! ~-----

WL ,,. ~ ~ ~ ~~ Comparator• _J' I 
Output I 

* 4 Comparisons are shown. In normal operation, usually only 1 compadson will occur at a time. 

**Shaded areas indicate valid output data. 
FIGURE 2 
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INTERCONNECT DIAGRAM OF TYPICAL COUNTER CONTROLLER 
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The System Interconnection of an LS7240 with an LS7040 and support circuitry is as shown. Thumbwheel 7 selects the memory. Thumbwheel 
ough 1 selects MSD through LSD. If the "load and Display/Display Only" toggle switch is in the load and Display position, the data is loaded in· 6 thr 

to th 
ed to 
the d 
mem 
the 7 

e LS7240, and displayed on the LED display when the "COMMAND MOMENTARY" is depressed. The BCD output data of the LS7240 is convert· 
7 segment data by the CD4511. As long as the Momentary is held down, the display presents the data just loaded. If the Momentary is released, 
isplay presents the BCD input data from the LS7040. If memory 0 is selected and the toggle switch is in the LOAD AND DISPLAY position, all 
ories are reset when the momentary is depressed. If the toggle switch is in the "Display Only" position then depressing the momentary will enable 
segment display to present what was previously loaded into the memory. 
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LS7263 * BRUSHLESS DC MOTOR SPEED CONTROLLER 

FEATURES: 
o Highly accurate speed regulation ( ±.1 % derived 

from XTL controlled time base.) 
• Rapid acceleration to speed with little overshoot 
o Positive braking 
• 10V to 28V supply range 
• Low speed detection output 
o Over current logic 
• Power on reset 
o Six outputs drive power switching bridge directly 
o 18 pin dual-in-line package · 

1 DESCRIPTION: 
The LS7263 is a monolithic, ion implanted MOS circuit 
designed to control the speed of a 3-phase, brushless, 
D.C. motor. This specific circuit is programmed for use 

1 in 3600 RPM applications. The circuit utilizes a 3.58 
I MHz crystal to provide its accurate speed regulation time 
I base. Overcurrent circuitry is provided to protect the 
, windings, associated drivers and power supply. A 

I 
positive braking feature is provided to effect rapid 
deceleration. 
Speed corrections are made by measuring the time bet­
ween tachometer inputs and varying the on time of the 
drive signal applied to each winding. A sampling window 
is generated using tachometer input time intervals during 
which crystal derived clock pulses are accumulated. The 
contents of the accumulator provide the address of a look 
up table that has been derived from the physical 

1 characteristics of the motor and the load. The look up 
table output determines the amount of on time for each 
. .ooil. Positive and negative signals are applied sequen­
tially t.o each winding driver through the output decoder/ 

I driver section. 
1 A static type positive braking system shorts all winding 
together upon receipt of the brake input. This system 
creates an electrical load on the motor thus causing rapid 
deceleration. An overcurrent condition, when sensed at 

1 the overcurrent detection input, disables all six winding 
' outputs. Outputs will be reenabled upon removal of the 
I overcurrent condition. 

! INPUT/OUTPUT DESCRIPTION: 
LS DETECT OUTPUT (PIN 1). 
This output provides a D.C. level which is high for speeds 
less than 1100 RPM. It may be used to determine activa­
tion of a Winchester drive head. 

BRAKE INPUT (PIN 2). 
A high level applied to this input turns off outputs o1-o3 
and turns on outputs 04-06, shorting the windings to­
gether. The brake input has priority over all other inputs. 
The brake input is provided with a pull-up resistor. 
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INPUT/OUTPUT DESCRIPTION: (continued) 
OUTPUTS 05, 05, 04 (PINS 3-5). 
These outputs provide the base current (through external.limiting 
resistors) to NPN drivers of the motor coils. They are enabled in 
the sequence described in Table 1 and for a duration as de­
termined by the internal speed regulation data. 

OUTPUTS 03, 02, 01 (PINS 6-8). 
The outputs provide the base current to the PNP drivers of the 
motor coils. They are enabled per Table 1 and the internal speed 
regulation data. 

DESCRIPTION OF OUTPUT SIGNALS: (See Figures 2C, 3C) 
An output pair turn on at a change of commutator input state and 
remain on for a period of time determined by the rotational speed 
measured within the latest sampling window. The output pulse 
can be zero if speed is too high. If other than zero, the output 
width follows the formula Opw=(192 + n x 384 clock periods) 
x 4 ..;- number of poles, where n varies from zero to 14. If the 
look up table indicates n is greater than 14, the pair remain on 
until the next commutation change. 

VSS (PIN 9). 
Supply voltage positive terminal, ( + 10 to +28 Vdc.) 
A, B, C INl5UTS (PINS 10-12). 
These inputs have pull up resistors and provide control of the 
output commutation sequence as per Table 1. A, B, C orginate at 
the position sensors of the motor (see fig. 2) and must sequence 
in cyclic order (only one input changes at any time). Figure C 
illustrates a method for controlling the motor direction of rota­
tion. Figure D indicates how one external inverter may be used to 
use a 120° circuit type in a 60° sensor separation application (or 
60° to 120°). 
OSC IN (PIN 13), OSC OUT (PIN 14) 
Pin 13 provides one of the two ports necessary for connecting a 
crystal. It may also be used to drive the circuit from an external 
clock. Pin 14 is used as the second connection when using a 
crystal for oscillation. Limited variable speed operation can be 
obtained by using the oscillator depicted in Figure A whose 
nominal frequency is 3.58 MHz. 

FREQUENCY TEST POINT (PIN 15). 
This test output provides the user with a point to measure the 
oscillator frequency without loading the oscillator. It provides a 
signal which is one si~h of the oscillator frequency. 

MAXIMUM RATINGS: 

PARAMETER SYMBOL VALUE 
Storage Temperature 
Operating Temperature 

Tstg -65to +150 

1. Plastic Tap -25 to +70 
2. Ceramic Tac -55 to +125 

Voltage (any pin to Vss) Vmax -30 to+ 0.5 

DC ELECTRICAL CHARACTERISTICS: ( + 10 to + 28 VDC) 
SUPPLY CURRENT SYMBOL MIN. 

(Excluding Outputs) loo 
INPUT SPECIFICATIONS: 
Brake,commutingandtachometer(Pins2, 10, 11, 12, 18) 

INPUT VOLTAGE MIN. MAX. 
Logic "1" Vss -2.5 Vss 
Logic "O" 0 Vss-5 

INPUT CURRENT 

VDD (PIN 16). 
Supply voltage negative terminal (ground). 

OVERCURRENT DETECT (PIN 17). 
The Overcurrent Detection Input provides the user a way of 
protecting the motor windings, drivers and power supply from an 
overload condition. The user provides a fractional ohm resistor 
between the positive supply and the common emitters of the PNP 
drivers. This point is connected to a potentiometer (e.g. 100k 
ohm), the other end of which is connected to ground and the 
wiper connected to the overcurrent input. The wiper pickoff is 
adjusted so that the outputs 01-05 are off for currents greaterthan 
the limit. (Reference Fig. 5) An alternative overcurrent detection 
circuit is illustrated in Figure B. An overcurrent condition is 
sensed and latched causing the overcurrent input (pin 17) to 
become low. When the overcurrent condition terminates, the 
next positive edge of the chopping frequency will cause pin 17 to 
become high. This circuit limits the maximum output s.witching 
rate to the chopping frequency when an overcurrent condition is 
prevalent. 

An example of setting up the over current follows: 
1. Determine the fractional ohm resistance and the maximum 

current to determine the voltage drop across the resistor 
and call this Voe. 

2. Apply Vss-Voc to the fractional ohmage end of the 
potentiometer. 

3. Hold A, B and C in a known state (e.g. 000). This will 
enable a pair of outputs in accordance with Table 1. 

4. Adjust the potentiometer until outputs 01-03 are all at Vss 
and 04-05 are at ground. 

5. Remove the voltage from the potentiometer and connect 
the potentiometer to the transistor end of the fractional 
ohm resistor. 

TACHOMETER INPUT (PIN 18). 
The signal applied to the tachometer input originates at a motor 
position sensor (one of the commutation inputs may be used). 
Each negative edge of the tachometer input is synchronized by 
the one sixth oscillator frequency. The resulting signal 1) trans­
fers new speed regulation data to the "on time" data storage 
latches, 2) resets the clock pulse accumulator and 3) originates a 
new sampling window. The tachometer input is provided with a 
pull-up resistor. 

UNITS 
oc 

oc 
oc 

VOLTS 

MAX. UNITS 
22 mA 

UNITS 
VOLTS 
VOLTS 

Each of the five inputs provides an internal constant current source to Vss of 200 to 400ua 
(typically 300ua) 
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!~~-=~~~~~~~ 
iOVERCURRENT DETECTION INPUT (PIN 17) 

1

1NPUT VOLTAGE MIN. MAX. UNITS 

!
Logic "'1" (Vss+2)+.2S Vss VOLTS 
Logic "O" 0 (Vss+2)-.2S VOLTS 

1Theroretical switching point for the Overcurrent Detection Input 
;is one half of the power supply. Manufacturing tolerances cause 
the switching point to vary plus or minus .2S volts. After man­
ufacture, the switching point remains fixed with 10mv over time 
and temperature. The input switch.ing sensitivity is a maximum of 
1somv. There is no hysteresis on the overcurrent detection input. 

1
0SCILLATOR INPUT (PIN 13). (When driven from external 
source.) 

MIN. MAX. UNITS 
'Logic ··r· Vss-1 Vss VOLTS 
1Logic ··o·· 0 Vss-6 VOLTS 

I 

IOUTPUT SPECIFICATIONS 

l596 KHz TEST (PIN 15) 
IDesigned for 10Mn , 7pF scope probe. 

ILS DETECT OUTPUT (PIN 1) 

I MIN. MAX. UNITS 

I lsouRCE 1.0 mA 
CONDITIONS 

Output short circuit to V00 
Output at .5V ls1NK 10.0 ua 

I 
OrOs (PINS 3-8) 
:01-03 are current sinks 
04-05 are current sources 
I 

IOutputs turn on in pairs (see figs. 2C, 3C and 4). For example 

l
(see dotted line, fig. 4): 
08 and 04 are on, thus enabling a path from the positive supplv 
through the fractional ohm resistor, emitter-base junction of 
0101, 08, 04, RS and the base emitter junction of 010S to 
ground. The current in the above described pattern is determined 
by the power supply voltage, the value of R1, the voltage drops 
across the base-emitter, junction of Q101and0105 (1.4 volts for 
single transistor or 2.8V for Darlington pairs), the impedance of 
QB and 04 and the value of RS. 

TABLE 1A -01, 
INPUTS OUTPUTS DRIVER DRIVER DRIVER 

A B c ENABLED A* B* C* 
0 0 0 01, Os + OFF 
1 0 0 03, Os OFF + 
1 1 0 03, 04 OFF + 
1 1 1 02, 04 + OFF 
0 1 1 02, 05 OFF + 
0 0 1 01, 05 + OFF 

TABLE 1B -02, -03, -07 
INPUTS OUTPUTS DRl'1ER DRIVER DRIVER 

A B c ENABLED A* B* C* 
0 0 1 02, 05 OFF + 
1 0 1 02, 04 + OFF 
1 0 0 03, 04 OFF + 
1 1 0 03, Os OFF + 
0 1 0 01, Os + OFF 
0 1 1 01, 05 + OFF 

Push pull drivers are made up of pairs of Outputs; 01 and 04 
(Driver A), 02 and Os (Driver B), 03 and 06 (Driver C). 

•see Fig. 4 

DESCRIPTION OF AVAILABLE TYPES 

SENSOR 
TYPE POLES SEPARATION GAii\!* 
7263-01 4 60° Medium 
7263-02 8 120° High 
7263-03 4 120° Medium 
7263-07 8 120° Medium 

*Gain describes the change of output duty cycle as a function of 
change of motor speed for the high gain type, the duty cycle is 
caused to change from 0% tD 100% over a 6 RPM motor speed 
change. For the medium gain type, the duty cycle changes from 
0% to 100% when the motor speed changes by 40 RPM. 

The following chart provides the recommended value for RS. R4 and R6 are the same value. 

I 

POWER 
SUPPLY 
:voLTS 20 
I 12 . 1 
i 1S .33 

18 
21 
24 

I 
28 

I 

OUTPUT CURRENT 
(DRIVING DARLINGTON PAIRS) 

1S 10 7.5 
.25 .56 .86 
.51 .92 1.3 
.76 1.3 1. 7 

1.6 2.2 
1.9 2.6 

3.2 

I 
1 *causes excessive power dissipation. 
I 

RESISTANCE IN KILOHMS 

The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 

5 2.S mA 
1.5 3.3 
2.1 4.6 
2.8 S.8 
3.3 7.0 
4.0 8.3 
4.9 9.9 
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l LS7264 FOUR PHASE BRUSH LESS DC MOTOR SPEED CONTROLLER 
FEATURES: 

• Highly accurate speed regulation("' .1%) derived 
from XTL controlled time base. 

e Rapid acceleration to speed with little overshoot 
• Static braking 
• 1 OV to 28V supply range 
• Low speed detection output 
• Internal over current logic 
• Power on reset 
e Four outputs drive power switching transistors 

directly 
11 16 pin dual-in-line package 

DESCRIPTION: 
The LS7264 is a monolithic, ion implanted MOS circuit 

, designed to control the speed of a 4-phase, brushless, 
D.C. motor. This specific circuit is programmed for use 
in 3600 RPM applications. The circuit utilizes a 2.4576 
MHz crystal to provide its accurate speed regulation 
time base. Overcurrent circuitry is provided to protect 

I
, . the windings, associated drivers and power supply. A 

static braking feature is provided to effect rapid 
deceleration. 

Speed corrections are made by measuring the time 
between tachometer inputs and varying the on time of 
the drive signal applied to each winding. A sampling 
window is generated during which crystal derived clock 
pulses are accumulated. The contents of the ac­
cumulator provide the address of a look up table that 
has been derived from the physical characteristics of the 
motor and1he load. The look up table output determines 

1 the amount of on time for each coil. Positive signals are 
applied sequentially to each winding driver through the 
output decoder/driver section. 

A static type braking system shorts all winding together 
upon receipt of the brake input. This system creates 
an electrical load on the motor thus causing rapid 

1 deceleration. An overcurrent condition, when sensed 
at the overcurrent detection input, disables all four 

, winding outputs. Outputs will be reenabled upon re­
moval of the overcurrent condition. 

INPUT/OUTPUT DESCRIPTION: 
LS DETECT OUTPUT (PIN 1). 
This output provides a D.C. level which is high for 
speeds less than 1000 RPM. 

BRAKE INPUT (PIN 2): 
A high level applied to this input turns on all outputs, 
shorting the windings together. The brake .input has 
priority over all other inputs. This feature may only be 
used when the center tap is connected to the positive 
supply through an external PNP transistor which is 
controlled by the brake signal. The brake input is pro­
vided with a pull-up resistor. 1 
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INPUT/OUTPUT DESCRIPTION: (continued) 
OUTPUTS 01, 02, 03, 04, (PINS 3-6) 
These open drain outputs provide the base current (through 
external limiting resistors) to the base inputs of NPN drivers of 
the motor coils. They are enabled in the sequence described in 
Table 1 and for a duration as determined by the internal speed 
regulation data. 

DESCRIPTION OF OUTPUT SIGNALS: (See Figures 1B) 
Each output turns on at a change of commutator input state and 
remains on for a period of time determined by the rotational 
speed measured within the latest sampling window. The output 
pulse can be zero if speed is too high. If other than zero, the 
output width follows the formula Opw = (n x 384 x 4 + No. of 
poles) clock periods, where n varies from zero to 15. If the look up 
table indicates n is greater than 15, the pair remain on until the 
next commutation change. 

VSS (PIN 7). 
Supply voltage positive terminal, ( + 10 to +28 VDC). 

S1, S2 INPUTS (PINS 8, 9) 
These inputs provide control of the output commutation sequ­
ence as per Table 1. S1, S2 originate at the position sensors of 
the motor (see fig. 2). S1 and S2 are provided with a pull-up 
resister. 

FORWARD/REVERSE INPUT (PIN 10) 
This Pin is used to control the motor's direction of rotation (see 
table I). 

OSC IN (PIN 11). 
This pin provides one of the two ports necessary for connecting a 
crystal. It may also be used to drive the circuit from an external 
clock. 

OSC OUT (PIN 12). 
This pin is used as the second connection when using a crystal for 
oscillation. 

FREQUENCY TEST POINT (PIN 13). 
This test output provides the user with a point to measure the 

MAXIMUM RATINGS: 

PARAMETER SYMBOL VALUE 
Storage Temperature Tstg -65 to +150 
Operating Temperature 

1. Plastic Tap -25 to +70 
2. Ceramic Tac -55 to +125 
Voltage (any pin to Vss) Vmax -30 to +0.5 

DC ELECTRICAL CHARACTERISTICS: ( + 10 to +28 VDC) 
SUPPLY CURRENT SYMBOL MIN. 

(Excluding Outputs) 100 

INPUT SPECIFICATIONS: 
Brake, commuting and tachometer (Pins 2, 10, 11, 12, 18) 

INPUT VOLTAGE MIN. MAX. 
Logic" 1" Vss-2.5 Vss 
Logic "O" 0 Vss-5 

INPUT CURRENT 

oscillator frequency without loading the oscillator: It provides a 
signal which is one sixth of the oscillator frequency. 

VDD (PIN 14). 
Supply voltage negative terminal (ground). 

OVER CURRENT DETECT (PIN 15). 
The Overcurrent Detection Input provides the user a way of 
protecting the motor windings, drivers and power supply from an 
overload condition. The user provides a fractional ohm resistor 
between the positive supply and the positive side of the motor 
windings. This point is connected to a potentiometer (e.g. 100k 
ohm), the other end of which is connected to ground and the 
wiper connected to the overcurrent input. The wiper pickoff is 
adjusted so that the outputs 01 - 04 are off for currents greater 
than the limit. 

An example of setting up the over current follows: 

1. Determine the fractional ohm resistance and the maximum 
current to determine the voltage drops across the resistor 
and call this Voe. 

2. Apply Vss-Voc to the fractional ohmage end of the 
potentiometer. 

3. Hold S1 and S2 in a known state (e.g.00). This will enable 
01-04 outputs in accordance with Table 1. 

4. Adjust the potentiometer until outputs 01-04 are at ground. 
5. Remove the voltage from the potentiometer and connect the 

potentiometer to the winding end of the fractional ohm 
resistor. 

TACHOMETER INPUT (PIN 16). 
The signal applied to the tachometer input originates at a motor 
position sensor (one of the commutation inputs may be used). 
Each negative edge of the tachometer input is synchronized by 
the one sixth oscillator frequency. The resulting signal 1) trans­
fers new speed regulation data to the "on time" data storage 
latches, 2) resets the clock pulse accumulator and 3) originates a 
new sampling window. The tachometer input is provided with a 
pull-up resistor. 

UNITS 
oc 

oc 
oc 

VOLTS 

MAX. UNITS 
22 mA 

UNITS 
VOLTS 
VOLTS 

Each of the five inputs provides an internal constant current source to Vss of 200 to 400 ua 
(typically 300ua) 
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OVERCURRENT DETECTION INPUT (PIN 15) 

INPUT VOLTAGE 
Logic"1" 
Logic "O" 

MIN. 
(Vss+2) +.25 

0 

MAX. 
Vss 

(Vss+2)- .25 

UNITS 
VOLTS 
VOLTS 

Theoretical switching point for the Overcurrent Detection Input is one half of the power supply. 
Manufacturing tolerances cause the switching point to vary plus or minus .25 volts. After 
manufacture, the switching point remains fixed within 10mv over time and temperature. The 
input switching sensitivity is a maximum of 50mV. There is no hysteresis on the overcurrent 
detection input. 

OSCILLATOR INPUT (PIN 11). (When driven from external source.) 

Logic "1" 
Logic "O" 

OUTPUT SPECIFICATIONS 

410 KHz TEST (PIN 13) 

MIN. 
Vss-1 

0 

Designed for 10Mn, ?pf scope probe. 

LS DETECT OUTPUT (PIN 1) 

lsoURCE 
ls1NK 

01-04 (PINS 3-6) 

MIN. 
1.0 
10.0 

MAX. 
Vss 

Vss-6 

MAX. 

01-04 are current sources (Base current limiting resistors are required) 

FIR 
0 
0 
0 
0 
1 
1 
1 
1 

TABLE 1 

S1 S2 
0 0 
0 1 
1 1 
1 0 
0 0 
1 0 
1 1 
0 1 
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02 
03 
04 
03 
02 
01 
04 
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LSI COMPUTER 
1 

SYSTEMS INC. 
I 

Manufacturers of Custom and Standard LSI Circuits 
1235 Wah Whitman Road, Melville, NY 11747 
TWX: (510) 226-7833 FAX: 516 271 0405 
Telephone: (516) 271-0400 

87270 PROGRAMMABLE INTEGRATED CONTROLLER/SEQUENCER 

FEATURES: 
• Hardware oriented simple instruction set 
• 4 on-chip 12 bit programmable down-counters 
• 4 priority interrupt (JAM) inputs 
• 12 discrete inputs 
• 12 latched outputs 
• 12 discrete memory bit registers 
• Anti-bounce circuits on DI, CNT and JAM inputs 

for direct interface with mechanical switches. 
keyboards, etc. 

o Simple serial interface to external program 
memory (PROM or ROM) 

o External program memory up to 2048 instructions 
• On-chip clock generator 
• Inputs TIL, NMOS and CMOS compatible 
e Outputs TIL, NMOS and CMOS compatible 
• Single power supply operation. +4.75 VDC 

to +12 VDC 
• 40 pin plastic DIP 

GENERAL DESCRIPTION: 
The LS7270 is a monolithic, ion implanted MOS logic 
controller/sequencer, designed to satisfy a wide variety 
of timing, sequencing and controlling functions in small 
to medium sized systems requiring low cost electronic 
control hardware. A "basic controller/sequencer" type 
machine can be thought of as a simple "black box" with 
inputs, outputs and various chip support functions such 
as power supply, oscillator, etc. As in any sequential 
logic machine, the present state of the machine is 
logically combined with the present state of the inputs to 
produce a new machine state with its corresponding 
outputs. HenGe. as inputs change, the machine reacts 
generating new outputs depending on its previous state 
and the new inputs. 
In a traditional hardwired logic machine, the sequence 
of the machine for all possible combinations of inputs is 
determined by the design of various random logic units 
all permanently wired so that the results is not very 
flexible or amenable to change. The solution to this 
problem as implemented in the LS7270, is to utilize 
some form of computer or microprocessor type ar­
chitecture that executes a series of instructions (the 
program steps) held in a memory (external to the chip) 
to perform the intended logical combinations of the 
inputs with the current machine state. In contrast to 
computers or microprocessors, however, the internal 
architecture of the LS7270 is geared to individual bit 
processing, Boolean processing, turn-on and turn-off 
functions, counting and timing operations as opposed 
to numeric computations. Broadly speaking, (see Fig. 1 
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and Description of General Architecture) the LS7270 has discrete 
inputs (DI) that can be addressed and operated upon at the 
individual bit level, internal flags (T) and storage cells (M) also 
addressed and operated upon at the bit level, addressable internal 
counters that can be clocked by external sources and a group 
of individually addressable output register (LO). Boolean proces­
sing is done by selecting and multiplexing various inputs into the 
logic Unit (LU) along with the working Accumulator Flag (AF), thus 
performing sequentially the required Boolean expression and then 
outputting the result to the appropriate output. This is done under 
control of a sequence of instructions (a table of logical "O"s and 
"1 "s) fetched from the external program memory. 
In operation, the LS7270 serially shifts out a memory address 
when the chip is in the "shift cycle." An external shift register has 
to be provided in which the address can be shifted and set up for 
addressing the memory (see fig. 2). During the shift cycle, clocks 
are generated at the shift clock output which are in synchronism 
with the address bit changes at the address output. At the end of 
the shift cycle, instruction from the memory is loaded into the 
interface shift register. A new shift cycle begins, and the instruc­
tion from the Interface Shift Register is now shifted into the 
LS7270; simultaneously a new instruction address is shifted out 
into the interface shift register. The LS7270 continuously 
alternates between the "shift" and the "load" cycles executing the 
instruction in between whenever a complete instruction has been 
fetched. The address is automatically incremented by 1 in every 
shift cycle so that instructions from higher locations of a memory 
can be fetched sequentially. This general rule of address sequenc­
ing is broken only when an instruction involving an address jump is 
executed. When an instruction is executed one of the following 
events may take place (see the instruction set for details): 

1. load 1 of 4 counters with a 12 bit number specified in the 
instruction field, 

2. Decrement one of the counters, 
3. Set or reset one of the internal registers, 
4. Load the AF with the true or complement value of one of 

the internal. registers or discrete inputs, 
5. Combine AF with the true or complement value of any of the 

internal registers or discrete inputs in Boolean operation, 
6. Store the true or complement value of the AF in any of the 

internal registers or output latches, and finally, 
7. Branch out from normal addressing sequence and jump to 

an address specified in the instruction field. 

GENERAL ARCHITECTURE OF LS7270 (See Fig. 1) 
Program Counter (PC and PCB). The PC is a 12 bit register that 
holds the address for the next instruction. The external memory 
address is serially shifted out from the PC to the memory. The 
PCB is a back-up register for the PC used internally by the LS7270 
chip. · 
Instruction Register (IR). The IR is a 16 bit register that holds the 
instruction currently being executed. Instructions from the exter­
nal memory are serially shifted into the IR. 
STACK 0-2. The LS7270 has a 3 level Last In-First Out (LIFO) 
stack. The next instruction address from the PCB is pushed onto 
the stack when-a Jump to Subroutine (JS) instruction or a JAM 1 
interr.upt is executed. The address is returned to the PCB when a 
Return from Subroutine instruction is executed. 
JAM Request Registers (JAR 1-4). The JRRs are 4 one-bit 
registers that are set by the corresponding JAM inputs. The 
outputs of the JRRs cause a Jump within the program sequence. 
Each JAR has a dedicated address assigned to it as its jump 
destination. 

2 

Counters (CNTR 1-4). The LS7270 has four 12 bit programmable 
down-counters. The counters can be clocked by either external 
count inputs or the internal clock under program control. Outputs 
from each counter are decoded for zero and testable under 
program control. 
Lo ic Unit and the Accumulator Fla LU and AF . The LU per­
forms a t e oolean algebraic operations contained in the 
LS7270 instruction set and stores the result in the AF. 
Temporary Flags (T1-3). The T's are three one-bit registers each 
of which can be accessed by the TEMP field of the LOGICAL 
CONTROL group instructions. 
Memory Flags ~M1-12). The M's are 12 one-bit registers. The i 
output of the 0 can be stored in any of these registers by I 
program control. The outputs of the M's in turn can be logically 
combined with other inputs to the LU. 
Latched Output Re~isters (LO 1-12). The LO's are 12 one-bit , 
registers each of w ich can be loaded by the LU data. The LO I 
outputs are available on the output pins. 
Multiplexer (MUX). The MUX performs all the steering operations 

1
' 

of the T's, M's, AF and the Discrete inputs to LU. 

DESCRIPTION OF OPERATION: (see figs. 4, 5 and 6) 
The LS7270 address consists of 12 bits, and the instruction of 16 1 

bits. In normal operation an instruction cycle consists of 2 
shift/load cycles involving 26 shift clocks. 
After a reset, the Program Counter (PC) is cleared to address the 
first memory location (address 0). When the reset is removed, 
the 12 bit memory address of the first location is serially sent ou~. 

1 

During this time, the shift/load output remains low to hold the 
memory interface shift register in the shift mode. At the end of the 
shift cycle consisting of 12 shift clocks, the shift/load output goes 
high placing the interface shift register in the load mode and the 
first instruction byte (lower byte) from the external memory 
matrix is loaded into the interface shift register on the thirteenth 
clock pulse. During every shift/load cycle the PC is incremented 
by 1 to address the next higher memory location. Then a shift 
cycle begins again. During this shift cycle while the address for 
the second byte (higher byte) of the instruction is shifted out to 
the interface shift register, the lower byte of the instruction, 
already in the interface shift register, is shifted into the Instruc­
tion Register (IR). Note that the internal shift clock for the IR 
occurs coincident with the first eight shift clocks only since one 
instruction byte consists of eight bits; there are no shift clocks for 
the IR corresponding to the remaining five clocks of the total 
shift/load cycle. At the end of the second shift cycle, the second 
instruction byte (upper byte) is loaded into the interface register. 
During the third shift cycle, the upper byte is shifted into the IR 
and, at the end of the cycle, the instruction is executed. It is 
important to note that if a smaller external memory is used which 
does not require all 12 bit addressing capability (4096 bytes or 
2048 instructions), the interface register can be implemented 
with fewer bits and the higher order address bits will simply "fall 
off' the interface register during the shifting cycle. Thus if only 
256 bytes of memory is required, the interface register could be 
implemented with one octal shift register. 

The four programmable down-counters can be driven by either 
external clocks applied at the counter inputs or decremented 
under program control. The counters are programmable by in­
struction control only. During the execution of an instruction for 
loading or decrementing a counter, the external count input is 
blocked for a period of 2 shift clocks. The external count input is 
synchronized with the internal clock so that counter integrity is 
not lost during .the blocking period. The blocking period for any 
count input lasts between trailing edges of 8th and 10th shift 
clocks of a high byte fetch cycle containing a load or decrement 
instruction for the corresponding count.er. 

----·------~---- ·-·· --~---···-----·· 
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IA counter zero condition can be tested by program control to 
1create decision branching within the program sequence. 
!The 12 discrete inputs (DI) can be combined with the accumu­
Jlator flag (AF) to perform Boolean operations and the result 

!

steered to 12 single bit memory flags (M) or 12 output latches 
(LO), or 3 temporary storage flags (T). 

, 1/0 DESCRIPTION: · 
, MCLR INPUT: 
'A high on this input initializes all the registers and holds the clock 
!off. It clears the PC, the JAM request register (JRR), the output 
latches (LO), the temporary storage flags (T), and the memory 
flags (M). It presets the down-counters to all 1's. The MCLR 
input has an .internal pull-down (to logic • 'O' ') resistor. 

OSC INPUT: 
An R/C network on this input sets up the frequency of the internal 

. oscillator. The basic oscillator frequency as indicated by the ramp 

I. frequency developed on the OSC input is divided down by 4 for 
generating the internal system clock. The basic oscillator fre-

1 quency is approximately given by the relation, f = 1/RC. 
: INST°INPUT: 

I
: Instructions from external memory are serially shifted into the IR 
on this input with the LSB being input first. The INST input has an 
internal pull-down (to logic "O") resistor. 
JAM INPUTS: 
The JAM inputs are four vectored priority interrupts with JAM 1 
having the highest priority and JAM 4 the lowest. A low to high 
transition of a JAM input forces a specific address into the PC at 
the end of the currently executing instruction. The four specific 
addresses allocated for JAM 1 through JAM 4 are 2, 4, 6, and 8, 
respectively. JAM 1 is different from the other JAMS in that it 
saves the address of the next instruction on the push down stack 

1 
so that by including a RETURN instruction at the end of the JAM 
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service routine, the original program sequence can be resumed. 
JAM request registers are set by a positive transition of the JAM 
inputs and are reset after the JAM has been serviced. If the JAM 
input remains high, it will not be serviced a second time. But a 
high level on a JAM input will inhibit all the lower priority JAM 
inputs. If a lower priority JAM is activated while a higher priority 
JAM request is being serviced (with the higher priority JAM input 
already returned low), the lower priority JAM request will be 
serviced at the end of the current instruction cycle. All JAM inputs 
have internal anti-bounce-circuits for direct interface with 
switches, relays, etc. 
COUNTER INPUTS (CNT): 
Each of the four counter inputs clocks one of the four 12 bit down 
counters. The counter advances on the positive transition of the 
counter input. All counter inputs have internal anti-bounce 
circuits. 
DISCRETE INPUTS (DI): 
Each of the 12 discrete inputs can be read by the program as part 
of Boolean logical expression evaluation. All discrete inputs have 
internal anti-bounce circuits. 
SHIFT CLOCK OUTPUT: 
This output is used for clocking the memory interface shift 
registers. The negative edge of the clock output should be used to 
clock the shift register. 
SHiff /LOAD OUTPUT: 
This output is used for shift/load control of the memory interface 
shift register. Each shift/load cycle encompasses 13 shift clocks. 
When the shift/load output is "low," 12 output clocks serially 
shift out a 12 bit memory address, while the instruction byte from 
the preceding address is simultaneously shifted into the IR. At the 
end of the 12 shift clocks, the shift/load output goes "high" for 
one clock period. During this period, the next instruction byte is 
loaded into the shift register and a new. shift cycle begins. 
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ADDRESS OUTPUT: 
The twelve bit memory addresses are serially shifted out on this 
output line with the MSB being output first. Address bits change 
with the rising edge of the shift clock. 
LATCHED OUTPUTS (LO): 
The twelve latched outputs are driven from 12 flip-flops within the 
chip. The state of each of these flip-flops is directly under pro­
gram control so that they can be manipulated according to the 
required application. 

INSTRUCTION SET: 
There are two classes of instructions in the LS7270 Controller/ 
Sequencer. The first is the internal control group and the second 
is the logical operation group. Each is 16 bit in length. 

INTERNAL CONTROL GROUP: 

15 

0 
(1-bit) 

OPER 
(3-bits) 

CONSTANT OR ADDRESS (N) 
(12-bits) 

Operation Code MNEMONIC OPERATION 

000 
001 

NOP 
LC1 

No operation 

CNTR1 • N 

0 

DC1* (Load counter 1 with constant N) 
010 LC2 

DC2* 
011 LC3 

DC3* 
100 LC4 

DC4* 
101 J/RT 

110 JS 

CNTR2 • N 
(Load counter 2 with N) 

CNTR • N 
(Load counter 3 with N) 
CNTR4• N 
(Load counter 4 with N) 
If N =J FFF (HEX), PC¢ N 
(Jump to address N); 
If N = FFF, PC• Stack0. 
Stack0 1 <i Stack1 2 
(Return from subroutine) 

Stack1.2 ~ Stack0 1, 
Stack0 •PC, PC~ N 
(Jump to subroutine address N 
and save the return instruction 
address on the stack) 

*If N=O, a load counter instruction is decoded as a decrement 
counter instruction thereby creating the DC1, DC2, DC3, DC4 
instructions. 

LOGICAL CONTROL GROUP: 
1 OPER T/C ADDRESS,N TEMP SKIP/DISP. 

. (1) (3) (1) (5) (2) (4) 
15 

The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 

0 

5 

Input Mode 

OPER FIELD 

000 

001 

010 

011 

Output Mode 

OPER FIELD 
110 

111 

MNEMONIC OPERATION 

LD/LDC AF• (N)/AF • (N) 
Load AF with the true/ 
complement of the value of 
register addressed by N. 

AND/ANDC AF• AF/\(N)/AF •AF/\ (N) 
AND AF with true/comple­
ment value of register 
addressed by N. 

OR/ORC AF• AF V (N)/ AF• AF V (N) 
OR AF with true/complement 
value of register addressed by N. 

XOR/XORC AF• AF@ (N)/AF •AF E£) (N) 
XOR AF with true/ 
complement value of register 
address by N. 

MNEMONIC OPERATION 

STR/STRC (N) • AF/(N) •AF 
store true/complement value 
of AF into register addressed by N. 

SET/CLR lfT/C=O then (N) • 1; 
If TIC= 1 then (N) • 0. 
Set or clear the register 
addressed by N. 

TIC Field, True/Com lement 
0 - elect t e true value o the addressed register. 
1 - Select the complimented value of the addressed register. 

ADDRESS, N FIELD- Input Mode Addressing Assignments 
00000 to 01011 -Specify Dl 1 to Dl12 , respectively. 
01100 to 01111 -Specify CNTR1 equal to zero flag through 

CNTR4 equal to zero flag,respectively.(see note 1) 
10000 to 11011 -Specify M1 through M12 , respectively. 
11100 to 11110-Specify T1 through T3 , respectively. 

ADDRESS, N Field - Output Mode Addressing Assignments 
00000 to 01011 -Specifies L01 through L012 , respectively. 
10000 to 11011-Specifies M1 through M12 , respectively. 

TEMP Field - Temporary Storage 
00 - Do not store the output of the Logic Unit (LU) 
01 - Store LU in T1 
10-Store LU in T2 
11 - Store LU in T3 

SKIP/DISP Field -Skip/Displacement Field 
0000 -Continue to next instruction. 
n3n2n1n0 -If the output of the LU is zero, then use n3n2n1n0 as 

2's complement displacemnt to be added to the 
PC for forward and backward branching . 
n3n2n1n0 = -7to +7. 

Note 1: A counter zero flag is set to '' 1 '' when the corresponding 
counter is reset to "O". 

MAXIMUM RATINGS: 
Parameter 
Storage Temperature 
Operating Temperature 
Voltage (any pin to V55) 

Value 
-55to+150 

Oto 70 
+ 15 to -0.3 

Unit 
oc 
oc 
v 



DC Electrical Characteristics 

(Vss = 0, TA = 0°C to + 70°C, unless otherwise specified) 

Parameter Voo Symbol Min. Max. Units Conditions - --
Supply Voltage Voo +4.75 +12 v 
Supply Current loo 28 mA All outputs 

open ckt. 
Input High Vltg +5V V1H +3.0 Voo v 

+9V +37 Voo v 
+12V +4.7 Voo v 

Input Low Vltg +5V V1L 0 +1.0 v 
+9V 0 +1.5 v 
+12V 0 +2.4 v 

Output High Vltg VoH Voo-0.2 v @loH=20uA 
Output Low Vltg +5V VOL +0.6 v @loL =2.5mA 

+0.4 v @loL =1.6mA 
+9V +0.6 v @loL=6.2mA 

+0.4 v @loL=4.1mA 
+12V +0.6 v @loL =12mA 

+0.4 v @loL=8mA 
Output Source +5V I source -770 µA @VoH=+2.0V 
Current -20 µA @VoH=+4.8V 

+9V -640 µA @VoH=+6.0V 
-25 JJA @VoH=+8.7V 

+12V -1 mA @VoH=+8V 

-50 µA @VoH=11.5V 
Output Sink +5V I sink +3.5 mA @VoL =+0.8V 
Current +2.5 mA @VoL=+0.6V 

+1.6 mA @Vol =+0.4V 
+9V +8.3 mA @Vol =+0.8V 

+6.2 mA @VoL=+0.6V 
+4.1 mA @Vol= +0.4V 

+12V +15 mA @Vol =+.8V 
+12 mA @VoL =+.6V 
+8 mA @VoL =+.4V 

Input High Current l1NH 
INST IN and MCLR +4.8 JlA @V1H=Voo-.5V 
All other Inputs -1.0 JJA @V1H=Voo-.5V 
Input Low Current l1NL 
All Inputs +1.9 µA @V1L =+0.2V 

DYNAMIC ELECTRICAL CHARACTERISTICS 
(Voo = +4. 75 to + 12V. TA = Oto + 70°C. unless otherwise specified; 
see Fig. 6) 

Parameter Symbol Min. Typ. Max. Units Condition --Osc. Frequency fosc (=1/Tl) 2.0 MHz 
Reset Pulse width TwR 2.5 JlS 
Reset to Shift Ts 1.0 1.25 IJS @fosc=2.0MHZ 
Clock Delay 
Shift Clock Period Tc(=4T1) 2.0 JlS @fosc=2.0MHZ 
Load Front Porch TF(=T1) 500 ns @fosc=2.0MHZ 
Load Back Porch Ts(= T1) 500 ns @f05c=2.0MHZ 
Shift Clock To 
address out delay TA 30 80 ns 
Shift Clock To 
Execute Delay TE(= T1) 500 ns 
Shift Clock To 
Output Delay To 550 ns 
Counter Input t cnt 100 KHz 
frequency 
Counter Input 
pulse width: 
HI 2.0 µs 
LO 1.0 JIS 6 

-- --····----·-
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PROGRAM EXAMPLE 

A simple example is given below to illustrate how the codes are 
constructed. 

A momentary push-button switch, Sis connected to the Dl1 input 
of the ICS as shown in Fig. 7. It is required that every time Sis 
pushed, the output LO 1 will toggle (change state). Note that only 
the transition from the nondepressed to the depressed state 
should cause L01 to toggle; if Sis held depressed, it will have no 
tu rther effect on the output. 

+V 
+V S 

LJ_o-N_ . ....,c ... --1 VDD OUT 
011 L01---

r N.O. 
LS7270 

-:::r 

vss 

FIGURE 7 

Mem. Address Mnemonic 
(Decimal) 

l 0 STRT: LD 011 T2 
_1_ 

[ 2 XOR M2 -2 
3 

L 4 LD T2 
5 

[ 6 XOR T1 +1 
7 

L 8 J UPDT 
9 

l 10 LD M1 
11 

L 12 STRC L01 
13 

[ 14 STRC M1 
15 

[ 16 UPDT: LD T2 
17 

[ 18 STR M2 
19 

l 20 J STRT 
21 

Binary 

0 0 
1 1 0 

0 1 
1 1 0 

0 1 
1 1 0 

0 0 
l 1 0 

0 0 
1 0 1 

0 0 
1 1 0 

0 0 
l 1 1 

0 0 
1 1 1 

0 1 
l 1 0 

0 1 
l 1 1 

0 0 
l 0 1 

1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 

0 0 
0 0 
0 1 
1 0 
0 0 
0 0 
0 0 
1 0 
1 0 
1 0 
0 0 
0 0 
0 0 
0 1 
0 0 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 

Let us assign ICS internal register M1 to store the status of Sand 
M2 to store the status of the output latch L01 during each sample 
cycle. A flow chart to describe the program steps is given in Fig 8. 
The program is in mnemonic code and its binary equivalent is 
given below. 

START 

FIGURE 8 

Comment 

0 0 0 Read status of S and 
0 0 0 save it in T2. 
1 1 0 If S changed go to next step, 
1 0 0 otherwise back to start. 
0 0 0 S changed; get ready to 
1 1 1 test for o_Q.en/close. 
0 0 1 Closed? If so, skip next step 
1 1 1 
0 0 0 Not closed. Go to UPDT 
0 0 0 routine to update M2 
0 0 0 S is closed; so get ready 
1 0 0 to toggle. 
0 0 0 Toggled. 
0 0 0 
0 0 0 Save current output 
1 0 0 status in M 1 
0 0 0 Current status of S 
1 1 1 
0 0 0 Save stauts in M2 
1 0 0 
0 0 0 Start new sample cycle 
0 0 0 

Note here that memory addresses for successive instructions have incremental value of 2. This is because each memory location 
can only hold a single byte (8 bits). whereas, an instruction consists of 2 bytes. The low byte of the first instruction is stored at 
address 0 and the high byte at address 1. The low byte of the second instruction at address 2 and the high byte at address 3 and so 
on. 

1 
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~LSl/CSI . LS7310 - LS7313 
REV. JANUARY 1988 

AC POWER CONTROLLERS 

FEATURES: 
• Phase-locked-loop (PLL) synchroni­

zation produces pure a-c across the 
output load (no d-c offset) 

• 10 levels of output power ranging from 
37% to 97% of rated load wattage 

• Controls output power by controlling 
the a-c Duty Cycle 

• Operates on 50Hz/60Hz line frequen­
cy for PLL synchronization 

• 10V to 14V supply voltage 
• 10 I/O's for touch or mechanical switch 

inputs for power selection and LED 
driver outputs to indicate selected 
power 

• Speed controller for universal and 
shaded pole motors 

GENERAL DESCRIPTION: 
LS7310-LS7313 are specifically designed for appliance 
power control such as blenders, vacuum cleaners, mixers, 
etc. 1/0' s are provided for selecting and indicating 10 power 
levels, which generally exceed the requirements of most 
appliances. If, however, the inputs are not fully utilized, only 
the desired power level inputs/outputs (PL - I/O's) may 
be hooked up for any specific appliance application. 
The LS7310 and LS7311 are designed for external 
mechanical switch control. The LS7312 and LS7313 are 
designed for external touch control. 
A logic 0 level applied to PL input in excess of TH (see 
dynamic characteristics), selects the power level associated 
with that PL input. TOUT is turned on when the power level 
selection is followed by the application of either RUN or 
PULSE input. The TOUT is a negative pulse occuring every 
half-cycle of the SYNC Jnput with a phase angle that is 
specific to the selected PL 1/0. The TOUT is designed to 
drive a triac in series with the load to control the a-c duty 
cycle through the load. 
A PL input, when selected as described above, switches 
its status from being an input to an output. As an output, 
the PL is designed to drive an LED to indicate the selected 
power level. The active PL output switches back to the input 

- 1 -

CONNECTION DIAGRAM - TOP VIEW 
STANDARD 18 PIN PLASTIC DIP 

PL2 PL1 

PL3 2 TOUT 

PL4 vss 
PL5 SYNC 

PL6 5 ...... CAP ..... 
-:: 

RUN PL? 6 ..... 
N -PLB 7 ..... 
CA) 

PULSE 

PL9 11 OFF 

PL10 9 10 VDD 

state, only when a different PL input is selected, the output 
status now being transferred to the new PL 1/0. 

1/0 DESCRIPTIONS: 
PL1 - PL10 (Inputs/Outputs) 10 inputs/outputs for selecting 
10 output phase angles (power levels). When nQ_fillwer level 
is selected (such as after system power-up), PL 1 - PL 10 
all act as inputs. When a power level is selected by applying 
a logical zero at one of these inputs in excess of TH (see 
dynamic characteristics), the selected input switches status 
to become an output in order to drive a display such as 
an LED. It switches back to the input state only when another 
PL input is activated. LS7310 and LS7311 have internal 
pullups of about 100K ohms. LS7312/LS7313 do not have 
any internal pullups. 
RUN (Input) When a logical 0 is applied to the RUN input 
in excess of TH, the output (TOUT) is turned on at a phase 
angle selected earlier by one of the PL I/O's. If no power 
level was selected prior to the application of the RUN input, 
the circuit remains unaffected. Note that once the TOUT 
has been enabled, its phase angle can be altered bHJ>lying 
any other PL input without the need to apply the RUN input 
again. LS7310/LS7311 have 100K Ohm internal pullup on 
this input. LS7312/LS7313 do not have pullups. 



OFF (Input) When a logical zero level is applied to this input 
in excess of TH, TOUT is turned off if it was on. If TOUT 
was already off, the circuit remains unaffected. Note that 
OFF input does not alter the power level selected by a PL 
input. Following an OFF operation, TOUT can be turned on 
at the previous phase angle by applying the RUN input. 
LS7310/LS7311 have 100K Ohm internal pullups. 
LS7312/LS7313 do not have pullups. 

PULSE (Input) A logical zero lev~ed to tbis input turns 
the TOUT on for as long as the PULSE input is maintained. 
The PULSE input, however, has no effect if no power level 
is in selection or if the TOUT has already been turned on 
by means of the RUN input. LS7310/LS7311 have 100K Ohm 
pullups. LS7312/LS7313 do not have pullups. 

SYNC (Input) Input for PLL reference frequency (50 Hz/60 
Hz). All internal clock frequencies are synchronized with the 
SYNC input. 

CAP (Input) Input for external component connection. A 
capacitor of 0.047 µF ± 20% should be used on this input 
as shown in the application example (Figure 4). 

TOUT (Output) Triac output. This output is designed to drive 
a triac in series with load and control its firing angle with 
respect to the a-c. 
The LS731 o and LS7312 provide a nominal 33 microsecond 
output pulse width. Since some motors have large induc­
tive loads producing a large phase delay between voltage 
and current, a wider output pulse may be required. The 
LS7311 and LS7313 produce a 1.0 millisecond output pulse 
width. Otherwise, these parts are identical to the LS7310 
and LS7312 respectively. 

VSS Positive supply terminal. 
VDD Negative supply terminal. 

TABLE 1. OUTPUT CONDUCTION ANGLE" 

POWER LEVEL INPUT 

PL1 
PL2 
PL3 
PL4 
PL5 
PL6 
PL? 
PL8 
PL9 
PL10 

*Mask Programmable 

TOUT, CONDUCTION ANGLE, 
0 (DEGREES) 

OUTPUT POWER X 100% 
RATED POWER 

78 
86 
93 

100 
107 
112 
119 
127 
137 
149 

-2-

37 
46 
53 
60 
69 
74 
79 
86 
92 
97 

The infonnation included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities .for 
inaccuracies, nor for any infringements of patent rights of others which 
may result from its use. 
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*All ur.rused tooch innuts.m.ist be ~~ ~ther 
anc:l brow>J1t .. to.VSS· t:hrornih a JCXl<.. ·\iW resistor.. 

115 VAG 220 VAC 

RB TP 

RB 
TP 

RB 
TP 

RB 
TP 

R4 

Z2 

R5 

l2 

R5 

C1 = 0.15µF/250 VAe R5 = 10KO/ 1/4W e1 = 0.15µF/400 VAe R5 = 10KO/ 1/4W 
e2 = 0.6BµF/250 VAC **R6 = 1.BK0/ 1W e2 = 0.6BµF/400 VAe **R6 = 1.BKO/ 2W 
e3 = 0.047µF/25 voe R7 = 1MO to 5M0/ 1/4W e3 = 0.047µF/25 voe R7 = 1MO to 5M0/ 1/4W 
e4 = 470pF/25 VAe (Select For Sensitivity) e4 = 470pF/25 VAe RB = 4.7 MO/ 1/4W 
e5 = 220µF/25 voe RB = 2.7M0/ 1/4W e5 = 220µF/25 voe Z1 = 13V/1W Zener (±5%) 

1 **e6 = .047µF/250 VAC Z1 = 13V/1W Zener (±5%) **e6 = .047µF/400 VAe *Z2 = 6.2V/ 1/4W Zener (±5%) 
R1 = 270 ohms/2W *Z2 = 6.2 VI 1/4W Zener (±5%) R1 = 1K0/1W 01, 02 = 1N414B 
R2 = 1.5M ohmsf1/4W 01, 02 = 1N414B R2 = 1.5M0/ 1/4W T = L4006L7 
R3 = 3.3KO/ 1/4W T = L2006L7 R3 = 3.3KO/ 1/4W L = 100 µH (Rfi Filter) 
R4 = 3900/ 1/4W L = 100 µH (Rfi Filter) R4 = 3900/ 1/4W 

*Zener type should be that which produces its rated voltage at 500 microamperes or less such as part type MZ4627. 
**R6-C6 network may be required for some motor inductive loads. Note: Use LEDs requiring 5 mA or less. 
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ABSOLUTE MAXIMUM RATINGS: 

PARAMETER SYMBOL VALUE UNITS 

DC supply voltage vss +20 Volt 
Any input voltage Vin vss +.5 Volt 
Operating temperature TA o to +80 oc 
Storage temperature Tstg -65 to +150 oc 

. DC ELECTRICAL CHARACTERISTICS: (All voltages referenced to VDD) 
(TA = 0 to 80°C) 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITION 
Supply voltage vss +10 +12 +1°4 Volts 
Supply current ldd 1.2 2 mA ® VSS = + 12V, All Outputs Off 

Input voltages: 
Sync, lo VSYL 0 1/3 vss Volts 
Sync, hi VSYH 2/3 vss vss Volts 

All other inputs, lo VIL 0 1/4 vss Volts 
All other inputs, hi V1H 1/2 vss vss Volts 

Input current$: 
Sync Input llH 110 µA With Series 1.5MO 
Input Pull Up Resistor to 115 Vac Line 
Resistance 
For LS7310, LS7311 
PL1 - PL10 RIN 50 100 200 KO 

Output voltages: 
'FOUT, hi Varn 0 Volts 
TOUT, lo VOTL VSS-4 Volts 

Output currents: 
TOUT Sink IOT 20 mA ® VSS = +12V 

VOTL = VSS -3 Volts 
IOT 25 mA ® VSS = +12V 

VOTL = VSS - 2 Volts 

PL Source lop 5 mA VoPL = vss -1 Volts 

DYNAMIC CHARACTERISTICS: 

PARAMETER SYMBOL MIN TYP MAX UN.rt CONDITION 

Sync frequency fs 40 70 Hz 

PURUN/PULSE/OFF 
hold time TH 34 infinite ms ® 60 Hz Sync 

TH 40 infinite ms ® 50 Hz Sync 

TOUT pulse width 
(7310/12) Tw 33 µS ® 60Hz Sync 

Tw 39 µS ® 50Hz Sync 

TOUT pulse width 
(7311/13) Tw 1.0 ms ® 50/60Hz Sync 

-4-



FIGURE 2 - OUTPJJT PHASE ANGLE ¢ 

VDD 

LS7310/11 R 

FIGURE 3 2R 

PL INPUT/OUTPUT CIRCUIT. 

) 

LEVEL 1 
RUN I 

I 
I 
I 
I 

Puffi LEVEL 10 

OFF 
CONTROL 

LOGIC 

PL1 

PL10 

SYNC 

vss 

vss 

-5-

SYNC 

vss 

100 
Kn 

POWER 
LEVEL 
ROM 

PHASE 
ANGLE 

j5[ 

POINTER 

PHASE-LOCKED 
LOOP 
AND 

CLOCK 
GENERATOR 

CAP 

lJ 

VDD 

R 

2R 

> 

vss 

TOUT 
DIGITAL 

OMPARATO 

FIGURE 6 

LS73XX BLOCK DIAGRAM 



·-------------·· -- ---------

LSl/CSI LS7501 
LS7510 

TONE ACTIVATED LINE ISOLATION DEVICE 
FEATURES: 

" Low power CMOS design 
o On chip oscillator (32, 768HZ external crystal required) 
• Tone input can be low level sinusoid (as low as - 30 

DBM) or fully digital. 
• Mask programmable available frequencies: 11 HZ to 4095 

HZ (in 1 HZ steps) 
• Sample interval -4.5 seconds (Mask programmable 0.5 

to 8.0 seconds). 

DESCRIPTION 
The LS7501 - LS751 O are frequency discriminator circuits 
that respond to a standard frequency input if the input is 
maintained with.io ::; 10HZ during a 4.5 second continuous 
sample ir.!::.rval. During this interval, the input is being 
sampled every 0.5 seconds. If it is valid for the sample in­
terval, then the circuit can be used to pulse a relay that 
disconnects the line to be tested. After 20 seconds of discon-

. nect time, the relay is reset and the line is restored. There 
are ten standard frequency versions of this circuit. These 
are indicated in table 1 with their associated input 
discriminator frequencies. 

TABLE 1 

PART NO. FREQUENCY ~HZ) 

LS7501 2683 
LS7502 2713 
LS7503 2743 
LS7504 2773 
LS7505 2833 
LS7506 2863 
LS7507 2893 
LS7508 2923 
LS7509 2953 
LS7510 2983 

DETAILED DESCRIPTION 
A. Input Amplifier: 

The amplifier has a minimum gain of 40. The input should be 
a.c. coupled. 

B. Frequency Discriminator: 
The frequency input can be a digital source or the output of 
the amplifier. 

CONNECTION DIAGRAM: TOP VIEW 
STANDARD 16 PIN PLASTIC DIP 

OTO VDD 

TIME BASE 2 15 X2 

VF OUT 3 14 X1 

I 
V1 OUT 4 en 13 FREQ IN 

""""' FDEN 5 0'1 12 AMP IN 
0 

DTEN INPUT 6 
N 

AMP OUT 11 

SET RELAY/PULSE OUTPUT 7 10 RESET 

RESET RELAY PULSE 8 9 vss 
SET RELAY LEVEL 

FIGURE 1 

The input is sampled for a 1/2 second interval and if a proper 
frequency is present, the VF output goes high. 

C. The sample interval timer is enabled when a valid frequency 
is detected. The purpose of the timer is to insure that the input 
frequency is continuous for a period of 4.5 seconds± 125ms. 
If the applied input frequency is interrupted during the detec­
tion period, the timer is reset and a new detection interval is 
started. At the end of a valid sample period, a 125ms pulse 
is generated at VI. 

D. Disconnect Timer: 
Enabled by a positive edge on the DTEN input and clocked at 
a 2Hz rate, this timer determines the disconnect time. (20 ± 
.5 seconds). On timeout, a positive pulse is generated on OTO. 

E. Clock Generator: 
A 32,768 Hz crystal oscillator and a chain of binary dividers 
provide all the timing signals. 



TABLE 2. INPUT, OUTPUT DESCRIPTION 
PIN FUNCTION DESCRIPTION 

1 DTO Disconnect timer time out. Active high pulse generated at the end of disconnect 
time (20 sec); normally connected to Pin 5. 

2 TIME BASE Output clock 32, 768 HZ or 8 HZ (Mask Programmable) 

3 VF OUT Valid frequency. Active high when input frequency is 2713 ± 10 HZ (LS7502). 

4 VI OUT 125 MS Active high pulse output generated when an input frequency has been 
valid for the duration of the sample interval (4.5 seconds). 

5 FDEN Frequency detector enable (Positive edge triggered) 

6 DTEN INPUT Disconnect timer enable (Positive edge triggered) normally connected to VI out. 
It also disables frequency detection. 

7 SET RELAY/ 3.9 ms active high pulse generated when a valid frequency has been present for 
PULSE OUTPUT 4.5 seconds. 

8 RESET RELAY PUtSE/ 3.9 ms active high pulse generated when the disconnect timer times out or a 
SET RELAY LEVEL high level that lasts for the duration of the 20 second time out. (Mask program-

mable). If the reset relay option is active, a pulse is generated on the RESET 
RELAY Output at power-up. 

9 vss Ground 

10 RESET External reset. An active high pulse will reset circuit (Internal puli down). 

11 AMP OUT Amplified Tone. Usually connected to the FREQ pin. 

12 AMP IN Tone input for low level (to - 30 DBM) sinusoid. 
13 FREQ IN Digital tone input. 

14 X1 Crystal 
-

15 X2 Crystal 
16 VDD Positive Supply 

Maximum Ratings: (Voltages referenced to VSS) 

RATING SYMBOL VALUE UNIT -- --
DC supply voltage VDD +2.5 to +6.0 Vdc 
Operating temperature range TA -25 to +70 oc 
Storage temperature range TSTG -65 to + 150 oc 
DC Electrical Characteristics: 
(VSS = OV, VDD = +2.5 to +6.0V, -25°C TA + 70°C unless otherwise specified) 

PARAMETER CONDITIONS VDD MIN MAX UNITS - - - --
Output Source Current V0 = 0.7V 2.5V 100 - µA 

V0 = 0.7V 5.0V 1.0 - ma 

Output Sink Current V0 = 0.25V 2.5V 350 - µA 
V0 = 0.25V 5.0V 900 µA 

Input Specifications (All Inputs) 

Vil (MAX) 2.5V - 0.75 Volts 
5.0V - 1.50 Volts 

ViH (MIN) 2.5V 1.75 - Volts 
5.0V 3.50 - Volts 

Noise Margins: 2.5 to 5.0V 1.0 - Volts 

Quiescent Device Current: 2.5V - 20 µA 

Note: Reset Input Contains Internal 100Kn Pulldown. 

A.C. Specifications (All Outputs) 

T RISE' T FALL CL = 50pf 5.0V - 1.0 µsec 
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CUSTOMER 

TELEPHONE LINE INTERROGATOR 
AND TONE BACK GENERATOR 

TIP 

NETWORK 

RING 
Al 01 

R4 

XTAL -
D VDD 

+ C3 
16 14 

POWER SUPPLY + 
VDD 

RESET 

- - VSS - LS7502 
Cl RS TONE 

SET BACK 

RELAY OSCILLATOR 
DIFFERENTIAL AMP 13 FREQ R7 CIRCUIT 

AND IN 
C2 R6 BAND PASS FIL TEA 

FDEN 
4 VI + 

I 
C4 

OUT -
DTEN 

RI =50kn, I WATT Cl ,C2= .OOlµF 400V FIGURE 2 IN AMP 

R2=15kn C3=2.2µF IOVDCW 
R3=10k0 C4 =I OµF IOVDCW 
R4=1kr.l Dl-D4=1N4002 
R5-R6 =I OOkn QI =MPSA42 
R7=200k0 XTAL=32•768Khz 

DESCRIPTION 

This application indicates a method for interrogating a 
telephone line when a 2713Hz (± 1 OHz) tone is detected 
for a minimum of 4.5 seconds. (The LS7502 Circuit.) 

At the end of the 4.5 second sample period, an 
oscillator is energized and generates a tone back 
signal. This signal modulates the line at a voice level 
of -1608 or 3.5MV peak to peak. 

Typical system input activation sensitivity is -30DBM. 
The unit should also be operational down to 6 volts at 
the tip/ring network terminals. 

As shown in Figure 2, the differential op-amp is con­
nected to the telephone lines through .001µF coupling 
capacitors. This eliminates the D.C. component and 
acts as the first filter for 60Hz. The differential amplifier 
stage is followed by a band pass filter centered around 

VSS IN 

-

2713Hz. This filter should be designed for high Q's 
(Q = 10) and yet utilize current efficient op-amps. 

The band pass output is then squared up and con­
nected to the digital tone input (Pin 13). The input 
signal, is sampled by the digital discrimination section 
of the LS7502. If 2713Hz (± 1 OHz) is present for 4.5 
seconds, a 125 millisecond pulse at Pin 4 is applied 
to the DTEN input (Pin 6), causing an internal flip-flop 
to set an the set relay output (Pin 8) to go high, ac­
tivating the tone back oscillator. 

As the 1 OµF capacitor (C4} builds up stored charge, it 
biases the FDEN input (Pin 5) through R7 until it is suf­
ficient to reset the internal flip-flop and bring the cir­
cuit back to its idle state and turn the tone back 
oscillator off. By varying the R7-C4 network, the time 
constant for the tone back duration can be varied. 



13 
FREQ IN 
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CLOCK 125ms 

GENERATOR 3.9ms 

CIRCUIT BLOCK DIAGRAM 
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FIGURE 3 

NOTE (1) All devices shown on the LS7501 through the LS7510 are configured with the set relay outpout on Pin 8. The reset option can 
be substituted by optional mask change. 

NOTE (2) All devices shown with the exception of the LS7502 are configured with the clock-0, 32KHz output on Pin 2. The LS7502 is con­
figured with the clock-2 time base output of 8Hz. These outputs may be changed with the same optional mask change referred 
to in Note 1. 

The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor for any infringements of patent rights of others which 
may resu It from its use. 
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LSl/CSI. APPLICATION NOTE 
101 

THREE AND FOUR PHASE BRUSHLESS DC MOTOR CONTROLLERS 
USING PULSE-WIDTH MODULATION 

ABSTRACT 

This paper describes the five motor circuits which drive 
brushless DC Motor controllers and are available as standard 
products from LSI COMPUTER SYST.EMS, INC. The theory 
of operation of each of the circuits is explained, accompanied 
by circuit block diagrams. Numerous applications are 
illustrated and interface circuits for driving high voltage motor 
windings using bipolar and MOS power transistors are 
indicated. The first of these five is the LS7261, which is 
an open or closed loop commutator sequencer. It operates 
at 7 to 28 volts and has externally selectable input and output 
codes for 60°, 120°, 240° and 300° electrical sensor 
spacing. It has a pulse width modulation for analog speed 
control and forward/reverse inputs. In addition, this circuit 
contains positive static braking, overcurrent input, and an 
output enable control. There are 6 outputs for driving 3 phase 
or 4 phase motors. 
Whereas in the LS7261 the overcurrent causes the outputs 
to switch on and off directly from the overcurrent sense 
input, the LS7260 and LS7262 circuitry causes the outputs 
to switch off immediately upon sensing the overcurrent 
condition. It only switches back on at a rate determined by 
the pulse width modulation chopping rate. 
The LS7263 is a highly accurate speed regulator operating 
at 1 O to 28V and designed to control the speed of a 3-phase 
brushless DC motor. The specific circuit is programmed for 
3600 RPM applications using a 3.58 MHZ crystal. Other 
speeds can be controlled by changing the crystal frequency 
or by having the circuit reprogrammed by the company. 
It is presently available for 4 or 8 pole motors and 60° and 
120° sensor separation. 
The LS7264 is basically the same as the LS7263 except 
that it was designed for the 4-phase brushless DC motor. 

BRUSHLESS DC MOTOR COMMUTATOR 
The advent of brushless DC motors has brought with it the 
need to integrate its unique circuit control requirements into 
a flexible, low cost integrated circuit. The ideal circuit should 
be able to commutate 3 and 4 phase motors. It should have 
some means of controlling the speed of the motor. It should 
also have overcurrent protection circuitry, a brake input, 
a forward/reverse input, and be able to accommodate 
different electrical sensor spacings. 

The heart of the LS7261 and the LS7262 commutator circuit 
is the decoder which senses the Hall effect inputs and creates 
the proper turn-on sequence of the output devices which 
are used to drive the motor. In addition, these circuits are 
able to commutate properly whether the Hall switches are 
separated electrically by 60°, 120°, 240°, or 300°. Figure 
1 illustrates the commutator circuit block diagram. CS1 and 
CS2 inputs are used to select the proper decode mode 
depending on the Hall electrical separations. S1, S2, and 
Sa designate th~ Hall inputs. Also indicated are the 
forward/reverse inputs, the enable input, the brake input, 
the common input and the output drivers. The speed of the 
motor can be controlled by the saw tooth oscillator circuitry. 
The external R-C network was chosen to set the oscillator 
at approximately 30KHz. The oscillator will ramp within the 
power supply rails as shown. By adjusting VrRiP to the 
desired voltage, the comparator output duty cycle can be 
adjusted to be between O and 100%. This output is then 
applied to the output driver circuitry and causes the outputs 
to be chopped at the oscillator frequency. Varying the duty 
cycle will result in output drive signals that can vary from 
full off to full on or to any level in between. 

1 

The LS7260 and LS7262 incorporates a flip flop as part of 
the overcurrent protection circuitry. An overcurrent condition 
generates a voltage greater than VREF and resets the flip­
flop which disables the output drivers through the And gate. 
When the overcurrent condition terminates, the next positive 
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saw-tooth oscillation edge will enable the drivers again. The 
ensuing result of this circuit is to limit the maximum 
switching rate of the output drivers to the chopping 
frequency. The LS7261 does not have this flip flop. The 
overcurrent sense comparator drives the And gate directly. 
In this case, the motor and driver circuit time constants 
will determine the maximum output driver switching rate. 
USing the LS7261/LS7262 for three phase push-pull 
operation, the output driver circuitry consists of six MOS 
transistors with a common terminal. The output circuit 
driving a delta configured motor is shown in Figure 2, while 
a center tapped single ended driver circuit is illustrated in 
Figure 3. Pin numbers are included for reference. The 
sequencer logic causes the external driver transistors to tum 
on in the correct timing relationship. Referring to Figure 2, 
it can be seen that in order to drive the motor windings, 
the external transistors must turn on in pairs. For example, 
to drive winding L1, PNP Transistor 01 and NPN transistor 
Os must tum on simultaneously or PNP 02 and NPN ~ must 
turn on simultaneously. These transistors are turned on by 
enabling internal MOS driver transistors. Turning on 
transistors 02 and Os require QA and OE to turn on. By 
driving the gates of MOS transistors QA and Os. negative, 
current is forced to flow through the bases of U1 and Os. 
Output 1 (01) sinks current and output 5 (Os) sources current. 
Similarly, enabling QB and ~ causes current to flow 
through the bases of 02 and l.14-

FIGURE 2 
PUSIH'ULL OUTPUT DRIVER -

FRACTIONAL OHM RE~ISTOR 

Using the LS7261/LS7262, the overcurrent circuit indicated 
in Figure 2 consists of a potentiometer and a fractional ohm· 
resistor. The potentiometer is adjusted until all outputs are 
disabled for currents greater than the desired limit. During 
the overcurrent condition, all the MOS driver transistors are 
cut off which causes the bipolar driver transistors to disable. 
If a brake signal is applied, then the common terminal is 
forced to the positive supply voltage, VSS. Since QA, QB 
and Oc are turned on, 01, 02, and Oa are driven to the 
positive supply voltage cutting off external transistors 01, 
02 and Oa. In addition, internal transistors 00, OE and OF 
are turned on which causes ~. Os and Cle to turn on shorting 
the motor windings together and stopping the motor. The 
brake signal always overrides the overcurrent sense input. 
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FIGURE 2A 
PUSH-PULL OUTPUT DRIVER 
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R, 

Figure 2A indicates a similar circuit using the LS7060 for 
driving P Channel and N Channel FETS and developing a 
full 12 volt drive for the N Channel and P Channel FETS 
when using a 12 volt supply. In this configuration, the 
appropriate bottom N Channel transistor turns on while the 
upper P Channel transistor turns off. To turn, winding L1 
on, Os of the LS7260 turns off, allowing the external resistor 
R1 to force the gate of 0101 to ground. Since the source 
of 0101 is tied to + 12 volts, the gate drive on 0101 is -12 
volts. Internal transistor ~ is turned on and since Pin 5 
of the LS7260 is tied to + 12 volts, the gate drive of 010s 
becomes + 12 volts. Current is forced through L1 from 0101 
to 010s. Similar current is reversed through L1 when P 
Channel FET 0102 turns on and N Channel FET 0104 turns 
on. The overcurrent sense circuitry performs in exactly the 
same manner as the LS7262 does when driving bipolar 
transistors. The overcurrent donditions causes internal 
transistors Oa, ~ and Os to cut .off and Os, 01 and Os to 
turn on. This causes the external power FETS to turn off. 
Applying the brake signal causes internal transistors Os, 07 
and Os to turn on cutting off the external P Channel power 
FETS and causes internal transistors Oa, ~ and Os to turn 
on which, in turn, turn on the external N Channel power 
FETS. This causes the Motor windings to short together 
stopping the motor. As in the LS7262, the brake signal 
always overrides the overcurrent sense input. 

FIGURE 3 
SINGLE ENDED OUTPUT DRIVER 

FRACTIONAL 
':'OHM RESISTOR 

Figure 3 illustrates a much simpler set up using single ended 



drivers. Qi, Os, and Os will turn on sequentially as before. 
Only one base current limiting resistor is required and this 
is in series with the common terminal that is connected to 
the supply voltage. Applying the brake to this circuit causes 
all the output transistors to turn on and the motor power 
supply to disconnect which causes the motor windings to 
short together. 
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COMMUTATION SEQUENCE FOR 60° SENSOR ELECTRICAL SEPARATION 

Figure 4 indicates the output commutation sequence for 
sense inputs which are 60° electrically separated and for 
the forward/reverse input equal to a logic 1. The motor is 
assumed to be wound in a delta configuration and clockwise 
is assumed to indicate a positive voltage. The circuit is 
assumed to be configured as in Figure 2. When S1 is high 
and~ and Sa are low, Oa becomes negative and Os becomes 
positive turnings on winding L2 as shown. This is 
commutation State 1 as shown on Figure 4. The next 
commutation State 2 occurs when S1 and S2 are high and 
Sa is low. In this case, Oa becomes negative and Os becomes 
positive turning on winding L2 as shown. This is 
commutation State 1 as shown on Figure 4. The next 
commutation State 2 occurs when S1 and S2 are high and 
Sa is low. In this case, Oa remains negative and 04 becomes 
positive causing winding La to turn on as shown. The rest 
of the sequence is indicated in Figure 4 and will repeat every 
rotation of 360° electrical degrees. The overcurrent condition 
causes 01, 02 and Oa to become high and 04, Os and Os 
to become low. As stated previously, this causes all of the 
output bipolar transistors to cut off. Also is indicated 
previously, the brake input causes all the outputs to go high 
shorting the motor windings together. 
The LS7261 or LS7262 can also interface with four phase 
motors by connecting inputs CS1 and CS2 low and 
connecting Hall sense inputs S2 and Sa together. Four phase 
operation is indicated by Table 1. 
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82, Sa 
0 
0 
1 
0 

Forward/Reverse = 1 
01 
Oa 
04 
Os 

Forward/Reverse = O 
·04 
Os 
01 
Oa 

TABLE 1 - FOUR PHASE COMMUTATION 

The four phase motor uses two Hall sensors 90° ele~trically 
apart. The Hall inputs create four outputs turning .on 
successively as indicated in Table 1. For single en~ed. dnve 
with center tapped windings, the circu~t ~~mmon.1s tied to 
the positive supply through a base limiting resistor and 
outputs 01, Oa, 04 and Os drive transistors whose collectors 
are tied to the four coil windings of a four phase motor and 
whose center tap is tied to the motor supply. 
Circuit driving FETS can be used for the LS7261 or LS7262. 
A closed loop operation block diagram is depicted in Figure 
5. Either one, two or three Hall sense inputs can b~ used 
as inputs to the negative edge detector. If two sense inputs 
are used, they are applied to an exclusive-OR gate ~hose 
output drives the negative edge detector. Three sense inputs 
require two exclusive-OR gates. The use of two or t~ree 
inputs will increase the loop gain of the feedback loop s1~ce 
the number of pulses appearing at the output of the negative 
edge detector will double or triple. In Figure 5, one ~all sense 
input (S1) is depicted. The output of the n.egat1ve edge 
detector is applied to the integrator and cons1~ts of pulses 
whose width is constant but where the separation between 
pulses is a function of motor speed. The integrator produces 
a negative D.C. voltage whose value ~epends on the 
separation of pulses. If the motor speed increa~es, pulse 
separation decreases causing the output of the intewator 
to become more negative and the output of the operational 
amplifier to increase. This raises the VrniP input to the 
LS7261/LS7262 and lowers the duty cycle of the output 
driver circuitry. The lower duty cycle will cause the motor 

·speed to decrease. Similarly, a. decrease. in ~otor speed 
causes the pulse separation to widen resulting in a decre.ase 
of voltage at the VTRIP input which raises the output driver 
duty cycle and the resultant motor speed: !he.desired sp~ed 
is set by varying the voltage at the pos1.t1ve input_ terminal 
of the Op-Amp which adjusts the nominal Vrn1p input. 
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The push-pull stage operates by using a P Channel power 
fet to drive the motor winding to the motor supply and .an 
N Channel power fet to drive the motor winding to ground. 
With Pin 5 of the LS7261/LS7262 tied to VSS, a positive 
output at Pin 6 turns on emitter follower Os and the N 
Channel fet. When the output at Pin 6 returns to zero, resistor 
R1 removes the charge on the gate of N Channel transistor 
Os rapidly cutting the transistor off. A positive output out 
of Pin 2 turns 01, level converter 02 and· 03 off enabling 
the zener diode to develop the gate drive for the P Channel 
fet. When the output at Pin 2 returns to zero, 01 turns on 
providing current for 02 which turns on 03 rapidly shorting 
out the Zener diode and removing the drive on the gate of 
the P Channel power fet. This circuit is still not very efficient 
as it dissipates power in R.i when Cl.i is off and Rs when 
04 is on. A more efficient power fet circuit utilizes identical 
N Channel power fets in a push-pull configuration. In order 
to achieve this, an external supply must be developed for 
driving the gate of the upper N Channel power fet above 
the motor power supply voltage. A complete working circuit 
utilizing Siemens BUZ73 power fets operating a 150 volt 
3 phase brushless D.C. motor is depicted in Figures 10 and 
11. Figure 10 illustrates the power supply used for generating 
the upper N Channel gate drive. The 555 oscillator provides 
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FIGURE 10 

VOLTAGE ADDER CIRCUIT FOR ALL N-CHANNEL 
POWER STAGE MOTOR DRIVER 

1uf 

a square wave which is A-C coupled to a diode network that 
is referenced to 150 volts by the upper IN4004. The lower 
IN4004 rectifies the 12 volt peak-to-peak square wave 
producing approximately 162 volt D.C. at point G. This 
becomes the gate drive of the upper N-Channel power 
transistor. Figure 11 illustrates the driver circuit. A high 
output on Pin 2 turns on 01 and 02 driving the gate of the 
upper N Channel fet to 162 volts. The source of this fet 
will then rise to the motor supply of 150 volts. The 16 volt 
Zener Diode protects the gate to source junction during the 
rise time. When the output at Pin 2 returns to zero, 01 and 
02 will turn off causing the gate to source capacitance of 
the upper N Channel fet to be discharged rapidly through 
03. A high output on Pin 6 is buffered by two parallel 
inverters of a CD4050 for charging the gate capacitance of 
the lower BUZ73 N Channel power fet. A low output on Pin 
6 causes the gate capacitance to discharge rapidly. This 
circuit is extremely efficient since significant current only 
flows during the switching times. 
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HIGH VOLTAGE OUTPUT DRIVER USING lWO-N CHANNEL POWER FETS 

EMULATOR 

LSI COMPUTER SYSTEMS, INC. has developed an 
LS7263/LS7264 emulator for optimizing the circuit 
programmability for any 3 or 4 phase brushless DC motor. 
If none of the four different types of 3 phase speed 
controllers or the 1 type of four phase speed controller ready 
available from LSI COMPUTER SYSTEMS, INC. will exactly 
match specific motor requirements, then a new circuit can 
be programmed accordingly. The emulator has 15 
thumbwheel switches for adjusting the output power transfer 
curve and switches for selection of sensor separation, 4 
or 8 pole motors, and tachometer division. The emulator 
provides all the interfacing circuitry found in the integrated 
circuit and is readily available. 
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The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor for any infringements of patent rights of others which 
may result from its use. 



BRUSHLIESS DC MOTOR SPEED CONTROLLER 
The LS7263 and LS7264 are designed for 3600 RPM ± 
.1% regulated, fixed speed operation using a 3.58 MHz 
parallel resonant crystal. The circuits contain 
programmability for tailoring to specific motor applications. 
The principle of operation is similar to the closed loop 
operation previously described. Speed is adjusted by varying 
the output driver duty cycle. However, the output is not 
chopped as in the LS7261/LS7262. For each commutation, 
the corresponding motor winding is turned on and remains 
on for a percentage of the total time that occurs before the 
next commutation sequence begins. The On time is 
determined by a mask programmable ROM Look-Up Table. 
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~~~-_,?--"-----j DRIVERS OUTPUT 
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'MASK PROGRAMMABLE FIGURE 6 
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INPUT 

LS7263/LS7264 BLOCK DIAGRAM 

Figure 6 illustrates a simplified block diagram of the circuit. 
The tachometer input can be any one of the three Hall sense 
inputs S1, S2 or Sa. This input can be divided by 1, 2 or 
4 which is mask programmable. This enables speed update 
information to be gathered either once or twice a revolution 
for a four pole motor and once, twice, or four times a 
revolution for an eight pole motor. The output of the 
tachometer divider circuit is used to transfer new data to 
the latches and reset the accumulator enabling it to count 
clock pulses from a zero setting. The accumulator counts 
for a period equal to the time between tachometer inputs 
(or a multiple of that time). The number reached in the 
accumulator is proportional to the time between tachometer 
inputs which is inversely proportional to the motor speed. 
As the accumulator advances, its output which addresses 
the ROM Look Up Table causes the 15 outputs from the 
Look-Up Table to change from all logic zero's to logic one's, 
one at a time. The next output of the tachometer divider 
loads the Look-Up Table outputs into the latches and resets 
the accumulator to zero. The output driver duty cycle is 
proportional to the number of stages of the 15 stage latch 
that are set to a logic one. If the motor had been going 
at a much slower speed than desired, the latches would 
be loaded with all logic one's. If the motor had been going 
at too high a speed, the latches would be loaded with all 
logic zero's. If the motor is at or near the desired spped, 
then some of the latches would be loaded with a logic one 
and others with a logic zero. The exact curve of the 
percentage of on time versus speed and therefore the loop 
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gain is detrmined by the ROM in the Look-Up Table and 
can be tailored to specific motor designs. Figure 7 illustrates 
the output power transfer curve for 2 versions of the LS7263. 
The medium gain LS7263-01 circuit has its duty cycle 
change from 0 to 100% over a 40 RPM motor speed change 
while the a to 100% duty cycle change for the high gain 
LS7263-02 occurs over a 6 RPM motor speed change. 
The outputs of the latches are loaded at the beginning of 
each new commutation time to the 15 bit shift register. The 
shift register is clocked by a programmable divider. The 
divider, whose input is the 3.58 MHz crystal controlled clock, 
must be programmed to accommodate motors with different 
numbers of poles since the commutation time will vary, and 
therefore the speed of the shift register clock must be made 
to vary. The 15 bits of the shift register are entirely shifted 
out during each commutation time and applied to the LS7263 
decoder driver circuitry. Like the LS7261/LS7262, the 
LS7263 decoder can be programmed to accommodate 
sensor separations of 60°, 120°, 240° and 300°. The 
decoder is set for 90° separation for the LS7264. The 
decoder driver circuitry provides three output current sinks. 
and three output current sources. These devices have output 
duty cycles which are determined by the number of latches 
in the 15 stage latch that are set to a logic one. They will 
become full On if the motor is going too slow and cut off 
if the motor is going too fast. A Quiescent condition occurs 
when the motor is operating at 3600 RPM. The output duty 
cycle ·under these conditions is between 30 and 70%. An 
overcurrent input is also provided which shuts off the output 
drivers during an overcurrent condition using a circuit similar 
to that used for the LS7261. Additionally, there is a brake 
input which will turn off all the sink outputs and a turn on 
all the source outputs thereby shorting all the motor windings 
together. There are four versions of the LS7263. Each one 
has been tailored to a specific motor operating at a fixed 
3600 RPM speed. At pres!mt, only one version of the LS7264 
exists. Table II indicates the programming differences for 
each circuit available at present. 



NUMBER 
OF SENSOR TACHOMETER DIVIDER DUTY CYCLE 

TYPE POLES SEPARATION GAIN DIVISION SETTING AT 3600 RPM 

7263-01 4 60 Medium 1 384 35% 
7263-02 8 120 High 4 192 65% 
7263-03 4 120 Medium 2 384 35% 
7263-07 8 120 Medium 4 192 65% 
7264 4 90 Medium 1 384 65% 

TABLE II - DEVICE PROGRAMMING 

Even though the LS7263 and LS7264 are designed for fixed 
speed 3600 RPM operation, other speeds are possible. For 
example, to operate at 5400 RPM using the LS7263-02, 
the motor tachometer input is first divided by two and then 
applied to the integrated circuit. Since the LS7263 now has 
more time to accumulate clock pulses, the circuit will 
interpret this to mean that the motor is going too slow and 
will therefore speed up. By using an external crystal of 2.68 
MHz, the motor will operate at exactly 5400 RPM. An 
alternate method of varying speed is simply to adjust the 
oscillator input frequency. The oscillator input pin can be 
forced with an external drive signal instead of hooking it 
up as a crystal oscillator. By lowering the input drive signal 
frequency, less clocks will be counted in the accumulator. 
This will be interpreted by the LS7263 as going too fast and 
the motor will slow down operation. Operation down to 1500 
RPM or less is possible using this technique. 

MOTOR DRIVER CIRCUITS 

The LS7260/LS7261/62/63/64 are all designed to operate 
from 7 to 28 volts and have similar output circuitry. Figure 
2 indicates a mode of operation in which the motor controller 
circuit and the motor operate at the same power supply 
voltage. There are numerous applications in which the DC 
motor is designed to operate at a voltage higher than the 
integrated circuit can operate at. In this case, a level 
converter must be used. For the LS7261/LS7262, level 
converters are easily constructed if the common input, Pin 
5, is tied to the integrated circuit positive supply (VSS). 
Figures 8, 9 and 11 indicate different level converter circuits 
using sink output 01 (Pin 2) and source output 04 (Pin 6). 
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These outputs are never on simultaneously. Identical circuits 
are used for 02 and Os and 03 and Os. By tying Pin 5 to 
VSS, all outputs become current sources. Figure 8 illustrates 
a simple bipolar output stage for level conversin. The Basic 
bipolar driver circuit uses an NPN and a PNP power transistor 
in a push-pull arrangement to drive the motor windings. 
Transistor 01 provides the voltage level conversion. A 
positive output at Pin 2 of the LS7261/LS7262 causes 01 
to turn on and drive the base of ~ through Resistor ~. 
A low at Pin 2 cuts off 01 and enables transistor 03 to turn 
off rapidly providing ~ is small. A high appearing at the 
output of Pin 6 is buffered through emitter follower 02 to 
the base of~. A low at this output causes 02 and ~to 
cut off. For very high voltage applications, the power 
consumed in R2 and ~ can become significant. In these 
cases, a speed-up capacitor across~ and a protective diode 
across the base to emitter junction of 03 is helpful. 
One of the disadvantages of the circuit illustrated in Figure 
8 is the high power consumed in the resistor network in 
order to make the level conversion and to have fast switching 
times. Power fets have an advantage over bipolar power 
transistors since the drive signals to turn these devices on 
consist of voltage inputs which do not require large 
components of current. The equivalent of a push-pull bipolar 
network utilizes a P Channel and an N Channel power fet. 
Unfortunately, P Channel power fets are at disadvantage 
when compared to N Channel power fets. P Channel fets 
have a much higher on resistance, are harder to get and 
more expensive than N Channel fets. High on-resistances 
reduce switching speed and absorb power which lowers 
efficiency and reliability. However, if a fast P Channel power 
fet is available, the configuration of Figure 9 can be used. 
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.1235 WALT WHITMAN ROAD, MELVILLE. NY 11747 

FAX: {516} 271-0405 Teleehone: (516) 271-0400 TWX: (510) 226-7833 
--------- --- --------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------STANDARD PRODUCT PRICE LIST - JULY 1988 
-------------------------------------------------------------------------------------------------------------------------------------------------------------

PART NUMBER PACKAGE DESCRIPTION 1-24 25-99 100 500 1000 

RED 5/6, RED 50/60 8 Lead Plastic DIP 50Hz/60Hz Time Base Frequency Dividers with Reset & Enable 1.65 1.30 1.05 .90 .75 

RED 100/1201 300/360 
500/600, 3000/3600 8 Lead.Plastic DIP · ·50Hz/60Hz Time Base Frequency Dividers with Reset &-Enable 1.95 1.55 1.25 1.05 .90 

ROD 104 8 lead Plastic DIP Crystal or External Clock Time Base Selectable 4 Decade 1.90 1.50 1.20 1.00 .SS Freque~cy Divf.der 

8 Lead Plastic DIP 
~lody Generators with 255 Note Capacity. MaskPrograrrmille KUM Spec1al Purchas1ng Tenns 

LS3404; 3405 Series produces hfgh quality chime-like sounds with exponential · Contact Factory for Details. 
enY.e..~ ~U.. of each note. 

L57030 40 lead Plastic DIP 7.SMHz 8 Decade Multiplexed Up Counter.with 8 Decade Latcll 
li_QM.~ Avaflabltl · 11.~ 9.60 8.15 6.95 5.90 

LS7031 · 40 lead Plastic DIP 
7.5MHz 6 Decade Multiplexed Up Counter wtth 8 Decade Latch 
(lOMHz Version Available} · · · 11.30 9.60 8.15 6.95 5.90 

L57040 . 40 Lead Pl as tic DIP 350KHz Synchronous Dual 3· ~cade Up/Da~n Counter with 7.45 6.35 5.40 4.60 3.90 Parallel BCD Outputs 

LS7055 1 LS7056 . . 40 lead Plastic DIP 250KHz 6 Decade Predetenninfng Up/Down Counter with 
In.tegral Preset, Presignal and Mainsfgnal Store 8.95 7.60 6.45 5.45 4.65 

LS7060 18 Lead Plastic DIP lOMHz 32 Bit Binary Up Counter with Byte Wide Multiplexed · 9.70 8.25 7.00 5.95 . 5.05 . . .. Three State Outputs. 32 Bit Latch (lSMHz Version Available) 

LS7061 24 Lead Plastic DIP lOMHz 32 Bit Binary Up Coun~er with Byte Wide Multiplexed 
·Three State Outputs. 40 Bit latch (lSMHz Version Available) 11.00 9.35 7.95 6.75 5.75 

LS7062 18 lead Plastic DI? lOMHz Dual 16 Bit Binary Up Counter with B(te Wide Multi- 9.70 8.25 7.00 5.95 5.05 .. plexed Three State Outputs. 32 Bit Latch lSMHz Version Avail.) 

LS7063 24 lead Plastic DIP lOMHz Dual 16 Bit Binary Up Counter with Bre Wide Multi-
plexed Three State Outputs. 40 Bit Latch lSMHz Version Avail.) 11.00 9.35 7.95 . 6.75 5.75 

lS7066 4lJ lead Plastic DIP 4MHz 24 Bit Hultf-Mode Counter Microprocessor Progri!lllilable 11.10 
Via 3 State I/0 Sus 

8.90 7.10 6.00 5.10 

LS7100 . 16 lead Plastic DIP BCD to 7 Segnent latch Decoder/Driver for Liquid Crystal 
Displays Up to SOY 3.00 2.40 1. 95 1.65 1.40 

lS7110 16 Lead Plastic DIP .. Binary Addressable latched 8 Channel Oemultfplexer/Drfver 3.00 2.40 1.95 1.65 1.40 for liquid Crystal Displays Up to SOV 
. 

LS7210 . 14 Lead Plastic DIP Pro9ran'1'l1able Dfgftal Delay Timer with Selectable Delay 
Operate/Release. Dual Delay or One Shot Modes. 2.20 1.75 1.40 1.20 1.00 
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---------------------------------------------~------------------------~----:7·---~;------------------------------ -------- ------- -------- ------- ---------
ST~...l!OARD PRODUCTS PRICE LIST PAGE 2 of 2 

. . 
PART HUMBER · PACKAGE . . DESCRIPTION 1-24 25-99 100 500 1000 . 

.. Keypad Controlled Dfgftal locks. Hardware Prograamable. LS7220. 7225.7226 14 Lead Plast~c DlP. 5040 4 Digit Codes . • - 2~30 1.85 I.SO 1.25 1.05 

l57222, l57223 20 lead Plastic DIP Keyboard Controlled Digital locks. 
38416 4 Digit Codes. -

Keypad Prograamable. 4.70 3.75 3.00 2.55 ·2.15 

l57228, LS7229 16 lead Plastic DIP. Dual Pulse Trafn or 2 Push Button_ Controlled Digital 
Locks. Hardware Prograr.r.iable. 512 9 Bit Codes 2.30 1.85 1.50 1.25 1.05 

LS723I,7232, 
7233,7234,7235 8 Lead Plastic DIP 

Contfnuously Variable L'amp Dinr.ier/AC Power Contrp11er. 
Touch or Switch Sense. . · - -2~ss 2.25 1.so I.SS 1.30 

1,3 or 4 Sequential Step lamp Di11111er/AC Power Controller. 1: 

LS72l7 8 Lead Plastic DIP Touch or Switch Sense. _ ··. - 1.95 1.55 1.25 1.05 ~~ . 
LS733!,lS7332 14 Lead Plastic DIP Yarfable Lamp Df111ner/AC Power Controller.·Touch/Swftch 3.15 2.50 ·_ 2.00. 1.70 1.45 Sense. - Dim/Full Bright/Power .Fall Output for Mlcropro~eS!IOr .. . 

LS7240 40 Lead Plastic DIP. 24 Bit, 7 Level Memory with Multiplexed Com9arator. 
24 Parallel. Inputs:· · . ... ·· . . . - - 9.00 8.60 8.15 -7.75 7.35 

, 
LS7260,7c61,726Z 

: 3 or 4 Phase Brushless DC Motor Electronic Carmutators. 2~00 20 Lead Plastic DIP Brake/Reverse/Overcurrent Sense/Speed Control - 3.75 3.00 2.40 1~70. 
-· 

LS726l 18 Lead Plastic DIP ·3 Phase ·arushless DC Motor Ffxed Speed Controller. 0.11 4.60 3.70 2.95 2.50. 2.15. 
, 

Accuracy: For Dfsc Drivers· &;Other Applfcatfons;. - . 

16 Lead Plastic DIP _ 4 Phase Brushless DC Motor Ffxed Speed Controller. 0.11 ' 
LS7264 Accuracy. For Dfsc Drivers & Other Applfcatfons • 4.30 3.45 2.75 2.35 2.00 

.. . 
LS7270 40 Lead Plasti.c DIP - Programnable Integrated:Controller}Sequencer 11.30 9.45 8.05 6.85 5.80 .. 

_ LS7310,7l1I. -- 10 Level AC Power Controller. Power Levels Individually 
LS7312.7313 18 Lead Plastfc DIP Selectable along wfth On/Off/~omentary. Touch/Switch Sense_ 3.75 3.00 2.40 2.05 1.75 

--

LS7501 thru LS7510 -16 Lead Plastfc DIP. Remote Tone Activated Telephon~ ~ine Isolation Controller. 3.70 2.95 2.35 2.00 1.70 

NOTES: JI -For extended prfce quotes, contact factory pr your local representative. . _ . - . . ' 

For price quotes for SOIC.CERDIP, CERAMIC. MIL STD 883 Screening. Waffle Packed Dice. or Probed Wafers. contact factory or your local rep. 
For samples. contact factory or your local representative. - - · .- - -- _ . . -· .... . _ -

:J. Orders for less than $100.00 must be placed at our distributors. - - · · 
Prices subject to change without notice. Prfc~s l~sted are pe~ un~t. . . . -- - . ...... 


