


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPLICATION NOTES - SG1842/43/44/45 

CURRENT SENSE COMPARATOR AND PWM LATCH 

Referring back to the operation of current mode PWM, recall that 
the switch peak current is established by the output of the error 
amplifier. This current is sensed by an external sense resistor (or 
a current transformer), monitored by a C.S. pin and compared 
internally with a voltage from the output of the error amplifier. The 
output of comparator then goes to a PWM latch that will insure only 
a single pulse to appear at the output during any given oscillator 
cycle. SG1844/5 series have an additional flip flop stage that will 
limit the output to less than 50% duty cycle range as well as 
reducing its frequency to half of the oscillator frequency. The 
current sense comparator threshold is internally clamped to 1 V 
nominally which would limit maximum peak switch current to: 

Isp " Peak switch current 
V z a internal zener 

0.9VsVz s1.1V 

Equation 1 is used to calculate the value of sense resistor during 
the current limit condition where switch current reaches its maxi­
mum level. In normal operation of the converter, the relationship 
between peak switch current and error voltage (voltage at pin 1) 
is given by: 

VE -2VF 
(1) IsPMAX = ""3*R where: 

s 
V E 51 Voltage at pin 1 
V F 51 Diode - Forward volt. 

0.7V at TJ = 25°C 

The above equation is plotted in Figure 9. Notice that the gain 
becomes non-linear above current sense voltages greater than �~� 

0.88 volts. It is therefore recommended to operate below this 
range during the normal operation. This would insure that overall 
closed loop gain of the system will not be affected by the change 
in the gain of the current sense stage. 
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ERROR AMPLIFIER 

The error amplifier has a PNP input differential stage with access 
to the Inverting input and the output pin. The N.1. input is internally 
biased to 2.5 volts and is not available for any external connec­
tions. The amplifier is internally compensated with a bandwidth of 
�~� 1 MHz and a typical DC open loop gain of �~� 90dS. The maximum 
input bias current for 384X series is 2!!A, while 184X/284X 
devices are rated for 1 !!A maximum over their specified range of 
ambient temperature. Low value resistor dividers should be used 
in order to avoid output voltage errors caused by the input bias 
current. The error amplifier can source 0.5mA and sink 2mA of 
current. A minimum value of feedback resistor (RF) is given by: 

R =3(1.1)+1.8 =10K 
FMIN O.5mA 

Figure 11 shows the open loop gain and phase response of the 
error amplifier for all devices. 
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APPLICATION NOTES - SG1842/43/44/45 

OUTPUT TRANSISTOR 

The output section has been specifically designed for direct drive 
of power MOSFETs. It has a totempole configuration which is 
capable of up to ±1A of peak current. This will typical result in a 
rise and fall time of 50ns into a 1000pf capacitive load. Each 
output transistor (source and sink) is capable of supplying 200mA 
of continuous current with typical saturation voltages of less than 
2.5 volts over -55°C to + 125°C junction temperature range. (See 
Figure 12 and 13) All parts are designed to minimize the amount 
of shoot-thru current which is a result of momentary overlap of 
output transistors. This allows a more efficient usage of the IC at 
higher frequencies, as well as improving the noise susceptibility 
of the device. 
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A NEW FAMILY OF POWER SUPPLY CONTROL DEVICES 
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ABSTRACT 

This paper describes a series of new monolithic integrated circuits designed to perform all the functions 
necessary to monitor and control the outputs of sophisticated power supply systems. Beginning with 
a simple over-voltage sensing circuit, these devices range through more versatile and accurate single­
function units, to all-inclusive devices which contain sensing circuits for both over and under-voltage 
conditions, current sensing, SCR crowbar firing, logic outputs, and an accurate independent reference 
generator. A description of the operation of each individual element is given together with several 
applications which demonstrate their utility. 

INTRODUCTION 

Recent years have seen the introduction of many sophisticated 
integrated circuits for use in controlling the voltage regulation 
function of both linear and switching power supply systems. While 
these circuits have provided a high degree of performance with a 
side benefit of considerable increases in both reliability and cost 
savings, they have all addressed the basic function of maintaining 
the output voltage constant. Most power supply systems, how­
ever, require additional circuitry for monitoring satisfactory per­
formance and providing protection in the event of a fault condition. 
These requirements have led to the development of a new class 
of power supply element - an Output Supervisory Control Circuit. 

SUPERVISORY CONTROL FAMILY MEMBERS 

The first integrated circuit developed specifically as a power 
supply monitoring device was Motorola's MC3523 available also 
as an SG3523 from Silicon General. This device, which is 
packaged as an 8-pin minidip, was designed to sense an over­
voltage condition, provide an adjustable time delay, and then fire 
a high-current SCR crowbar for power supply shutdown. An 
improved and interchangeable device, the SG3523A, was later 
introduced to provide more tightly specified performance, greater 
threshold accuracy, and improved temperature stability. Block 
diagrams of these two devices are shown in Figure 1. 

January 1990 

SENSE 1 SENSE 2 

OUTPUT 

INDICATOR 
OUTPUT 

GROUND 

Figure 1. SG3523 Over-Voltage Sensing Circuit. The SG3523 
and 3523A conlain an independent reference generator, an input 

comparator designed to initiate a selable time delay, and a 
second comparator which activates both a crowbar firing current 

and a low-level indication signal. 

It was soon recognized that with the addition of a few more access 
points to this circuit, significant increases in versatility could be 
achieved. This led to the development of the SG1542 device 
shown in Figure 2. With 14 pins in this OIL package the following 
additional features could be offered: 

1. Access to the reference generator's output so that one could 
take advantage of it's 1% accuracy and 50 ppm T.C. 
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APPLICATION NOTES - SG1542/SG1543/SG1544/SG3523 

2. Uncommitted inputs to the sensing comparator allowing use 
for either under or over-voltage sensing as well as the ability 
to set threshold levels below 2.6 volts. 

3. The addition of a logic level output active when the sensed 
voltage is within tolerance, as well as the one which indi­
cates out-of-tolerance. 

4. A separate supply terminal for the high current 8CR trigger 
allowing greater utilization of this output. 

V+ 

All the functions provide open collector outputs for maximum 
flexibility in interfacing with either the power supply or the system 
load and, although the 8CR trigger is directly connected only to 
the over-voltage sensing circuit, it may be optionally activated by 
any of the other outputs or by an external shutdown command. 
The 8CR trigger circuit also includes an optional latch with 
external reset capability. External capaCitors may be used to 
accurately program the sensing circuits for a minimum time 
duration of fault before triggering. 

UV 
SENSE 

UV 
INDICATE 

Vc VREF 0------1 

N.t. 'NV. 
SENSE 1 SENSE 1 

SENSE 2. 

SCR 
TRIGGER 
ABOVE 
LIMIT 

WITHIN 
LIMIT 

COMMON 

Figure 2. SG1542 Voltage Sensing and Protection Circuit. The 
use of a 14-pin package for the SG1542 provides greater access 

to the circuit elements and thus greatly expanded versatility. 

Finally, it was decided to build an all-encompassing device which 
would include both over and under-voltage sensing as well as a 
means for current limiting, all in one integrated circuit. This 
resulted in the 16-pin 8G1543, the main subject ofthis paper. The 
circuitry ofthe 8G3523, 3523A, and 1542 is equivalentto the OVP 
portion ofthe 8G1543 and thus need not be described separately. 

Before proceeding with a discussion of the 8G1543, however, 
there is one more member of this family worth mentioning. The 
8G1544 is identical to the 8G1543, but uses an 18-pin DIL 
package to keep the voltage-sensing comparator inputs uncom­
mitted. This adds the ability to sense voltage levels below the 
reference voltage to the lengthy list of features offered by the 
8G1543. Now, on to a more complete description. 

THE SG1543 OUTPUT SUPERVISORY CIRCUIT 

To fill the need for this output monitoring and contrOlling function, 
the 8G1543 output supervisory circuit shown in Figure 3 was 
developed. This devices contains an operational amplifier, a 
voltage reference circuit, several comparators, and a high-current 
SCR trigger circuit. The functions performed by this device 
include over-voltage and under-voltage sensing, current limiting, 
and provisions for triggering an external SCR crowbar shutdown. 

V,N 

GROUND 

OV 
SENSE 

INV~ C.L 
NI , 

OFFSET /COMP 
(GROUND TO ACTIVATE) 

SCR. 
TRIGGER 

O.V. 
INDICATE 

Figure 3. The block diagram of the SG1543 Output Supervisory 
Circuit includes over-voltage and under-voltage sensing as well as 

the capability for current limiting and SCR crowbar triggering. 

The 8G1543 circuit may be powered by either the output voltage 
to be monitored or a separate bias voltage at any level between 
4.5 and 40 volts with a standby current of less than 10mA. 

This device is packaged in a standard 16-pin hermetically sealed 
ceramic package and is available in both commercial and military 
temperature ranges. Before describing in greater detail the 
overall functions that this device can perform, it is worth discuss­
ing the individual circuits which go into its makeup. 

VOLTAGE REFERENCE CIRCUIT 

The precision 2.50V reference circuit of the 8G1543 is shown in 
Figure 4. This regulator is based upon the well-known band-gap 
reference circuit which has the capability of providing very stable 
performance over an input voltage range from as low as 4.5V to 
as high as 40V. The output is nominally set at 2.5V, but in addition, 
is trimmed to remove all effects of production manufacturing 
tolerances from the output voltage. In fact, this trimming not only 
adjusts the output voltage to within 1 % of 2.5V, but in the process, 
as shown in Figure 5, also trims the temperature coefficient of 
output voltage to better than 50 parts per million per degree C. The 
trimming is performed at wafer probe by using controlled energy 
sources to blow fusable metal links which short out incremental 
values of resistance in the voltage setting network. These 
resistors are binarily coded so that three values give eight bits of 
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~----~--------------~----~~~N 

I;I----,--\i'-=---------------I------ ~I~ 

NPN 
DIAS 

eND 

Figure 4. This precision 2.50 volt band-gap reference source is 
internally trimmed for ±1 % accuracy in order to eliminate the need 

for adjustment potentiometers. 
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Figure 5. Temperature Coefficient vs. Voltage Trim as successive 
links are opened in the reference voltage trimming network, the 

output voltage increases and the temperature coefficient becomes 
less positive. 

resolution and allow trimming to better than ±12 millivolts. With 
this accuracy in all but the most precise applications, the need for 
adjustment or trimming potentiometers is effectively eliminated. 

The output of this reference circuit is current limited for protection 
and will provide up to 10 milliamps of currentfor use as a reference 
for other functions that may be required along with the SG1543. 
In addition to stable temperature performance, this regulator also 
maintains its output voltage to within 1 OmV for all line and load 
changes. Additional benefits of the band gap reference circuit 
include a low noise performance, instant turn-on, and a high 
degree of long-term stability. 

COMPARATOR SECTION 

Over and under-voltage sensing circuits are identical with only the 
input polarity changed between them. The under-voltage circuit 
is shown schematically in Figure 6. This configuration in made up 
of two comparators in series, each referenced to 2.50 volts, with 
the delay terminal at their juncture. The first comparator activates 
a current source upon sensing an out-of-tolerance condition and 
that current is used to charge an externally selected capacitor to 
provide a delay. The second comparator then activates the output 
indicating circuit. The overall time delay from input sense to output 
indicate, with no external capacitor, is approximately 0.5 micro­
second. By adding a capacitor althe delay terminal, the fault must 
exist for an interval defined by the time it takes the voltage on the 
capacitor to charge from zero to 2.5V before the output compara­
tor can switch. The charging currentforthis capacitor is a constant 
250 microamps which provides for a delay of approximately 10 
milliseconds per microfarad of capacitance. Since the compara­
tor can discharge in excess of 1 OmA, the capacitor is reset in a 
fraction of its charge time. 

~~~~------'~===-----J:'! 

UV 
SENSE 

eND 

DELAY 

UV 
INDICATE 

Figure 6. Voltage Sensing Comparators. Voltage level sensing is 
done with a high input impedance comparator with built-in 

hysteresis. When switched, the input comparator allows a con­
stant current source to trigger the output comparator. 

The input comparator has PNP transistor inputs which provide 
both high input impedance with less than one microamp bias 
current, and a wide input voltage range which includes ground and 
goes to within 2V ofthe positive supply voltage. Because the input 
PNP operates as an emitter follower, the input impedance to that 
comparator remains high throughout the input range. To elimi­
nate the tendency to oscillate at threshold, a hysteresis of 
approximately 25mV is built into the input comparator. 

The output indicating transistor, Q18, is designed to sink 1 OmA of 
current with a saturation voltage of less than 0.4 volt. Its open 
collector allows several outputs to be connected together to 
provide a single indicating signal. 
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SCR TRIGGER SECTION 

While the under-voltage sensing circuit has only the 1 OmA, or low 
current, open-collector output, the over-voltage section contains 
additionally, an SCR crowbar triggering circuit good for 200mA. 
This stage also includes provision for remote activation of the 
output as well as a reset terminal. From the schematic shown in 
Figure 7, it can be seen that the output voltage comparator drives 
a PNP transistor, 06, with two collectors, one of which drives the 
low-current, open collector indicating signal similar to the under­
voltage circuit. The other collector of 06 drives a Darlington 
amplifier which will provide 200mA to activate an external high 
current SCR crowbar device. Note that these two outputs are 
complements of each other; i.e. when pin 4switches to ground, pin 
1 goes positive. 

RESET 

REMOTE 
ACITVATE 

GNo 

S.C.R. 
TRIGGER 

O.V. 
INDICATE 

Figure 7. Over-Voltage Circuil. Either the over-voltage output 
comparator or the remote activation terminal will energize both the 
SCR trigger and the O.V. indicating transistor. Connecting pins 4 

and 2 form a latch. 

Since in many cases it is desired to activate the crowbar under 
other than over-voltage conditions, a remote activation circuit is 
also included. This consists of transistors 01 through 05 as 
shown in Figure 7. The functioning of this circuit is as follows: 03 
provides a controlled current source of approximately 300 mi­
croamps to saturate transistor 04. With 04 saturated, transistor 
05 is held in the off condition. When the remote activation 
terminal, pin 2, is grounded, it diverts the current away from the 
input of 04, turning it off and turning 05 on, which activates the 
output circuitry in the same manner as the over-voltage compara­
tor. 

An additional function of this circuit is to provide the capability to 
latch the outputs on after a fault is sensed, by externally connect­
ing the over-VOltage indicating terminal, pin 4, to the remote 
activation terminal, pin 2. With this configuration, an over-VOltage 
condition which turns on 01 0 will pull pin 2 to ground activating the 
remote activation signal which, in turn, holds the circuit in the on 
condition until the reset terminal is externally grounded, removing 
the latch and turning off the output. Thus, the user has the 
capability to either activate the high current output only as long as 

a fault condition exists, or to latch it on upon the occurrence of a 
fault requiring external action by an operator to reset the circuit to 
its initial condition. Thresholds for both remote activation and 
reset terminals are approximately 1.2 volts. 

CURRENT SENSING AMPLIFIER 

The amplifier in SG1543 deSignated for current sensing actually 
has much wider application. It is basically a high-gain, non­
compensated operational amplifier with an open collector output; 
i.e., pull-up on the output must be provided externally. from the 
schematic shown in Figure 8, it can be seen that this circuit also 
has a PNP front end which gives it a wide common-mode range 
extending from slightly below ground to within 2 volts ofthe supply 
voltage. With a pull-up resistor of 2kQ, the open loop voltage gain 
is greater than 72dB with a unity gain bandwidth beyond 5MHz. 
When used as a comparator, the response time is less than 
200nanoseconds, and if linear amplification is required, external 
compensation may be added for stable performance over a wide 
frequency range or a unique frequency response. 

PNP 
BIAS 

INV. 
INPUT 

INV. 
INPUT 

OFFSET/ 
COMP 

GNO 

CURRENT 
LIMIT 
INDICATE 

Figure 8. Current-Sensing Amplifier. PNP inputs give the current 
limit ampl~ier a common-mode input voltage range of from below 

ground to within 2 volts of the supply voltage. 

The input to this amplifier is balanced for zero offset voltage but 
a fixed offset or threshold of up to 200mV may be incorporated by 
adding or subtracting current at the offset/compensation pin 12. 
For most current sensing application the required threshold 
polarity calls for a positive voltage on the inverting input. This can 
be accomplished with a resistor, 1\, to ground as shown in Figure 
9. 

Reducing the impedance at pin 12 also lowers the gain of the 
amplifier somewhat as shown in Figure 8. This fact allows pin 12 
to do double-duty as a point to apply frequency compensation as 
well. Due to the excess phase shift ofthe internal PNP transistors, 
this amplifier requires compensation for stable closed-loop, linear 
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applications but this can be accomplished easily with either C, to 
the output or C2 to ground as shown in Figures 9 and 10. 

+v 

D1 

}-___ IN-l<91--16~_ ~gogONTROL 

C1 

Figure 9. Current Sense Compensation. External components can be 
used with the current sense amplifier to establish an input offset or 

threshold, define the frequency response, and buffer the output. 
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Figure 10. C.L. Amplifier Frequency Response. With BOdS gain 
and 5MHz bandwidth, the current sense amplifier provides a wide 

dynamic response, even when modified with external passive 
components. 

Diode D1 and resistor Rc are used only if it is necessary to 
increase the frequency response by operating the output transis­
tor at higher current and/or isolating the load from Rc and C, when 
the amplifier is off. 

Applications 

Figure 11 shows a typical application of the SG 1543 as used to 
monitor a single power supply output voltage for both high and low 
voltage operation as well as current limiting. The data accompa­
nying Figure 11 indicates how the values for the external compo­
nents are selected. This circuit is driven from an external bias 
supply which must provide a standby current of 1 OmA maximum 
plus the activation current for the SCR trigger. The application in 
Figure 11 shows a single resistor divider string, R., Rs' and R., 
which sets the thresholds for both the under and over-voltage 
activation levels. The external capacitors Co, and CD2 are used 
to provide time delays before activation ofthe output circuitry. The 
output of the comparators can be used for many different func­
tions; in this case, they are shown driving indicators. They can 
also provide signals to the system under power to give information 
that an out-of-tolerance condition exists. Additionally, by the 
external connection between pin 2 and pin 4, a latch has been 
provided such that an over-voltage condition will activate and hold 
that control signal until positive reset action at pin 3 is performed. 

Figure 11. This typical application for the SG1543 provides linear 
foldback current limiting as well as over and under-voltage 

protection. 

In firing an SCR with supply voltages above 5 volts an external 
resistor, RG, is used on pin 1 to provide power dissipation limiting 
for the SG1543. While the SG1543 will provide up to 400mA of 
trigger current, the power limitation of the 16-pin-dual-in-line 
package should be held to less than one watt. 

In this application, current limiting is performed by sensing the 
current in the positive supply line with fold-back provided by the 
action of R2 and Ra' A fixed thresholdforthe amplifier is set by R1 
which is connected between pin 12 and ground. 

Although the SG1543 could have been driven from the output 
voltage to be monitored, it would lose control when that output 
voltage fell to approximately 3V. This would, of course, preclude 
the use of the current limit function where short circuit protection 
must be provided. 
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The values for the external components used in conjunction with 
the SG1543 application of Figure 11 are determined as follows: 

Current limit input threshold, VTH ~ 1~00 
9 

Cs is determined by the current loop dynamics 

Peak current to load, Ip" VTH + ~ ( __ R_2_) 
Rse Rsc R2 + R3 

VTH 
Short circuit current, Ise = 

Rse 

2.5 (R.+R5+R6) 
High output voltage limit, Va (High) = ---'-'-'::--"----"'­

R6 

Voltage sensing delay, tD = 10,000 CD 

V -5 
SRC trigger power limiting resistor, RG > ~ 

CURRENT SENSING OPTIONS 

It is important to remember that all the features of the SG1543 
apply equally to either linear or switching power supplies. Figure 

12, for example, shows the current sensing amplifier in the 
SG1543 used to provide fold back current limiting for a linear 
regulator utilizing the SG723. To answer the question of why one 
would use the SG1543 for current limiting when that capability is 

built into the SG723, there are two important benefits: low sensing 
threshold voltage (whatever is selected vs. a fixed 700mV) and 
much higher gain for a very sharp transition from voltage to current 

feedback. 

INPUT VOLTfG~ 0--,------'----------,------, 

Figure 12. Linear Foldback Current Limiting. The SG1543 is 
equally adaptable to either linear or switching supplies. The 

circuit above shows a substantially improved current limit function 
for a linear SG723 voltage regulator. 

Output current limiting for a switching supply which gets its control 
from an SG1524 regulating pulse width modulator is shown in 
Figure 13. Here, fold back is not included but an optical coupler for 
isolation has been added. It should be noted that all the low­

current outputs of the SG1543 are equally well suited for driving 
optical couplers. 

Figure 13. DC Converter With Isolated Current Limiting. Current 
limiting for a switching inverter is readily accomplished, even with 

a requirement for input-output isolation. 

The last application suggests another use for the current sense 
amplifier completely disassociated with current. This is shown in 
Figure 14 where it is used in conjunction with the very excellent 

characteristic of the 2.50 volt reference contained within the 
SG1543 to provide an isolated voltage feedback signal. The 
SG1543's amplifier provides the gain and the overall loop com­
pensation network, and drives a high-frequency opto-coupler 

which feeds into the unity-gain configured error amplifier of the 
SG1524. A designer should recognize that there are many 

possible variations on this theme, including taking the error signal 
from the collector of the opto-coupler, feeding into the output ofthe 
SG1524's error amplifier such that this amplifier provides a 
startup signal. Then the SG1543 may be powered directly from 

the output eliminating the need for an isolated bias supply. 

Figure 14. The current sense amplifier can also be used in 
conjunction with the SG1543's reference to provide a stable, 

isolated voltage feedback signal. 

One final possible use for the current limit amplifier is to provide 

complete shutdown of the power supply rather than linear voltage 
reduction upon sensing an over-current condition. This function 
is shown in Figure 15 where the current limit amplifier is used as 

a comparator with the output terminal connected to the remote 
activation terminal for the SCR trigger. In this case, sensing is 
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done in the ground line. There is no offset added to the current limit 
amplifier but instead a threshold is provided by the action otA, and 
R2 from the 2.50V reference signal. When an over-current 
condition is sensed and maintained for a period of time deter­
mined by a capacitor Co on pin 12, then the output transistor will 
conduct, activating the SCR trigger and shutting down the power 
supply. 

1.4AIN SUPPLY BUSS----------------r--

r---------- 16 

I 
I 
I 
I 
I 

SO, 
·CROIl9AR" 

SUPPL~E~~~-->--.;"""-'f_-----------<-

Figure 15. Overcurrent Shutdown. The current sense amplifier 
may also be used as a high-gain comparator to shut down the 

supply upon over-current. 

SENSING MULTIPLE OUTPUT VOLTAGES 

Many power supply systems have several output voltages which 
need to be monitored. This is easily done with the SG1543 
because of the capability for remote activation and the availabil­
ity of the reference voltage for use with external Circuitry. A quad 
comparator like the SG139 which also has open collector outputs 
can be used to monitor several additional output voltages. As 
shown in Figure 16, the SG1543 is used to provide both over and 
under-voltage protection on a main positive supply. The addi­
tional comparators within the SG 139 can be used to monitor either 
positive or negative supply voltages depending on whether one 
uses the 2.5V signal or ground as the reference potential. The 
output comparators of each collector are tied together to the 
remote activation terminal such that the operation of any single 
comparator in either the SG1543 or the SG139 will activate the 
SCR trigger shutdown circuil. Note thatgrounding the remote 
activation terminal also provides an output on the over-voltage 
indicating circuit; therefore, this output on pin 4 can be used as a 
master power supply-condition indicator which will provide a low 
signal if any output voltage that is being monitored is outside its 
allowable tolerance. 

UNDER-VOLTAGE SENSING 

In addition to normal low-output voltage monitoring, the under­
voltage sensing circuit has considerable possibilities in monitor­
ing the input voltage to a power supply system. For example, in 
Figure 17, this circuit is used to measure the input DC voltage to 
an SG723 regulator and keep the output completely off whenever 
the input is lower than the minimum required for satisfactory 
operation of the SG723. The same protective feature when 
applied to a switch-mode regulator, is even more important since 
it keeps the switching transistors off until the oscillator stabilizes. 

~~y.------r---10 50"9 COr.lPARAT~ 

"''''IN POSn1\IE 
SUPPLY 

------------------, 

~ I 

I 
I 
I 
I 

Figure 16. Sensing Multiple Supply Voltages. Addition of a simple 
quad comparator allows multiple voltage sensing of positive or 

negative levels. 

Figure 17. Under Voltage Shutdown. In addition to output 
monitoring, the under-voltage circuit can be used to inhibit the 

output if the input voltage is too low for satisfactory performance. 

As shown in figure 18, the under-voltage circuit can be used to 
monitor the AC input voltage to a power supply. An isolation 
transformer and rectifier are used to provide a rectified AC signal 
to the input of the under-voltage comparator. The signal is 
compared with the 2.50V reference, activating the first stage ofthe 
comparator with each transition toward zero. With proper selec­
tion of the delay capacitor, no output is provided unless some 

~11f_-+-"" 

~~ui - 25V 

PINB~-2.5V 
DELAY 

Figure 18. SG1543 Input Line MonitorThe under-voltage sensing 
circuit can also be used to monitor the AC input voltage and 

provide a power failure signal before the power supply output 
voltage begins to fall. 
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number of input pulses are missing at which time the first com­
parator allows the charging of the capacitor to 2.50 volts which 
activates the output circuit. In this way, the under-voltage circuit 
provides an immediate indication of failure, even for one or two 
cycles. This provides an early warning indication that the power 
supply output voltage is going to drop while taking advantage of 
the holdup capability provided by normal electrolytic capacitor 
storage within the power supply system. 

Like other parts of the SG1543, the under-voltage circuit is not 
limited to its primary function. Figure 19 demonstrates its use as 
an over-temperature indicator by using the well-defined tempera­
ture coefficient of a Darlington transistor's V BE as a sensor. 
Divider R,-R2 establishes a fixed threshold equal to the 2N2723's 
V BE at the desired temperature limit. Below that limit, the transistor 
is off and Rc back-biases the input to the U.V. sensor. Manyother 
transistors could be used; however, the small case of the 2N2723 
makes good thermal coupling relatively easy. 

By providing all of these diagnostic and protective features within 
one integrated circuit, a new class of control device has been 
generated to provide overall performance monitoring and control 
of sophisticated power supply systems. Thus, the SG 1543 further 
enhances the inventory of building block components available to 
the power supply system designer providing new options in 
implementing increased performance at lower cost. 
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Figure 19. Over-Temperature Indication. Another use of the 
under-voltage circuit is to provide an over-temperature indicalion 

using the -4mVrC VBE tempco of the 2N2723 as a sensor. 



SILICON 
GENERAL 
LINEAR INTEGRATED CIRCUITS 

APPLICATION NOTES - SG1548 

PS-14 

A CONCEPTUALLY NEW QUAD POWER FAULT 
MONITOR CIRCUIT 

by Stan Dendinger 
Manager, Advanced Product Development 

Silicon General, Inc. 
Edited by Reza Amirani 

ABSTRACT 

A comprehensive fault monitoring system in a single 16-pin IC is described. The new circuit provides 
overvoltage and undervoltage supervision of four DC power supplies simultaneously. In addition a 
uniquely flexible pin-out permits AC line voltage monitoring, real-time line clock generation, or 
programmable switching supply undervoltage lockout protection. All fault thresholds are adjustable to 
a high degree of accuracy using a minimum of external passive components. A number of typical 
application examples are given to clarify the concepts discussed. 

INTRODUCTION 

As the complexity of modern electronic systems grows, the 
number of supply voltages necessary to support the circuitry has 
also increased. Even the simplest home computer typically 
requires +5 volts for the logic, :1:12 or :1:15 volts for the analog 
circuits, and perhaps +24 or +28 volts for the printer or disk drive. 
The task of supervising these multiple voltages for proper toler­
ance has traditionally required a substantial number of precision 
components: a voltage reference, resistors, timing capacitors, op 
amps, comparators, and logic gates. An additional penalty was 

1I<~O-=------_---.J 

Figure 1. Block Diagram of the SG1548 Quad Power Fault Monitor 

January 1990 

paid in board space consumption. Consequently, in an attempt to 
shave costs, the supervisory function was often eliminated en­
tirely. While this action resulted in meeting budgetforthe supply, 
the money saved was often given out again many times overwhen 
a system malfunction occurred in the field and a service engineer 
had to tediously check each supply voltage. 

The availability of a new integrated circuit which can monitor four 
DC supplies and the AC line simultaneously now allows the power 
systems designer to implement fault monitoring at lower cost and 
with much reduced board space. This new device utilizes the 
strengths of monolithic linear technology to create precisely­
matched components at high density on a silicon chip. Called the 
SG1548 Quad Power Fault Monitor, its functional block diagram 
is shown in Figure 1. 

FUNCTIONAL DESCRIPTION 

The circuit consists of a precision reference regulator, a fault 
window generator, analog OR and AND circuitry for selecting 
most positive and most negative voltages, threshold compara­
tors, delay logic, open-collector output drivers, an inverting 
amplifier, and a mUltipurpose line sense comparator with uncom­
mitted collector and emitter outputs. 
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The most positive voltage at the four Sense inputs is compared 
with the upper or overvoltage threshold, and the most negative 
input is routed to the undervoltage comparator. The comparator 
outputs are connected to their respective output drivers and two 
AND logic gates. The drivers are inhibited by the delay logic, 
which requires that either an overvoltage fault or undervoltage 
fault persists for a pre-set time interval. A single capacitor at the 
Delay pin sets the time interval, which is C x 2.5 x 104 seconds. If 
a negative voltage must be monitored, it can be mirrored into a 
positive voltage using the inverter amplifier. Special clamp 
circuitry inside the SG1548 prevents the amplifier from locking up 
if Pin 15 is pulled below ground. Now let's look at the operation 
of each subset in detail. 

VOLTAGE REFERENCE 

The reference circuit is a low-drift bandgap design which gener­
ates a precise +2.50 volts ±1 % at Pin 3. It isfullyfunctional at input 
voltages as low as +4.5 volts, and provides up to 1 OmA of output 
current. Special p-compensation circuitry provides immunity to 
process variations and achieves typical 1 mV line and 3mV load 
regulation. Internal current limiting protects the Ie against acci­
dental shorts to ground. 

FAULT WINDOW GENERATOR 

The fault window generator is the heart of the Quad Power Fault 
Monitor. This section generates an upper overvoltage and lower 
undervoltage threshold centered about the +2.5 volt reference. A 
precision tracking regulator utilizing two operational amplifiers 
and a pair of ratioed resistors produce the tracking action, as 
shown in Figure 2. 

An external voltage derived from the reference is applied to Pin 1. 
This voltage represents the lower boundary of the tolerance 
window. Op ampA 1 is connected as a unity-gain buffer, providing 
a low input bias current and a low impedance outputfordriving the 
remaining circuitry. The transfer function through A 1 is simply: 

[1] 

where Vas, isthe input offset voltage ofA1 ,and t.Vissomesmall 

----r--- VUPPER 

+f'N 

VREF ---I;f----­
-tN 

____ L ___ VLOWER 
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percentage of VREF. Op amp A2 is connected as an inverter 
working at a common mode voltage equal to V REF' Its transfer 
function is given by: 

R2 
VUPPER = - {t.V ± Vas, ± Vas2} + VREF ± Vas2 

R, 
[2] 

where Vas2 is the input offset voltage of A2, and bias current errors 
are assumed to be very small. 

R . 
If _2 IS nearly 1 , then 

R, 

VUPPER = VREF + t.V ± Vas, ± 2Vas2 [3] 

Since R1 = R2 = 2K and the resistor match very well over the 
temperature, then the above assumptions about bias current error 
and resistor ratio are correct. Therefore the limit as to how small 
t. V can be is approximately 3 times the offset voltage, neglecting 
comparator offsets. If a worst case value of 8mV is assumed, the 
smallest value of t. V is 24mV, corresponding to a fault tolerance 
of±1%. Since this is the same order as the initial accuracy of the 
reference, ±2% is recommended as the tightest setting for the 
tolerance window. 

DUAL CHANNEL DELAY WITH A SINGLE CAPACITOR 

In supervisory circuits, delay is frequently required to reject false 
fault reports which could result from switching supply spikes or 
transients due to step load changes. The delay circuit in the 
SG1548 requires only one capacitor to implement the delay 
function for both the overvoltage and undervoltage channels. 

The circuit depends on two factors for low false alarm rates: 

1. Reports due to noise are of short duration compared to the 
program delay. 

2. Noise causing false threshold crossings in each channel is 
essentially uncorrelated. 

When all four voltages at the Sense pins fall within the set fault 
tolerance band, the output of each fault comparator is LOW. The 

'------------ VLOWER 

Figure 2. Generating a Precision Fault Tolerance Window 
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output of the 2-input NOR gate is HIGH, turning on the discharge 
transistor 01. The Delay pin is held at ground. This is below the 
+ 1.25 volt trip threshold of the delay comparator, resulting in a 
LOW logic level to each of the output AND gates. Since both 
inputs must be HIGH to turn on the output drivers, no fault 
indication is possible. 

O.V fAULT -,-------.v;;-;---------r, 

u.v. fAULT ---------------L....J 

Figure 3. False Alarm Rejection Using a Single Capacitor 

When one of the sensed voltages crosses a fault threshold, the 
fault comparator switches HIGH, turning off 01. The delay pin 
voltage rises linearly from 0 volts as the 50~ current source 
charges the daily capacitor. If the fault condition persists long 
enough, the capacitor will charge to + 1.25 volts, tripping the delay 
comparator, which has hysteresis to eliminate jitter dueto the slow 
ramp. The HIGH output level from the comparator enables both 
output drivers, permitting an overvoltage and/or undervoltage 
indication as appropriate. 

UNE SENSE ~COLLECTOR OUTPUT 

Dl +§ 
EMITTER OUTPUT 

+2.5V 

Figure 4. Block Diagram of the AC Line Sense Circuit 

AC LINE SENSE COMPARATOR 

The line Sense section of the SG1548 is a high-gain comparator 
with 25mV of hysteresis referenced to the precision +2.5 volt 
threshold voltage. The output transistor is rated at 40 volts and 
1 OmA, and has uncommitted collector and emitter connections for 
either inverting or non-inverting operation. A unique clamp diode 
structure (01) on the input adds to the versatility of this section, 
since it is specified for both forward and reverse conduction at 
1 mAo (Most junction-isolated integrated circuits can behave 
strangely or self-destruct if any pin is driven negative with respect 
to the substrate. TheAC Line Sense pin was specifically designed 
to operate in this mode, thereby eliminating the need for an 
external clamp diode). 

ON-CHIP INVERTING AMPLIFIER 

The operational amplifier provided for converting a negative 
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voltage to a positive one is optimized for inverter operation with the 
summing node at ground. The amplifier has a minimum open loop 
gain of 72dB, and is internally compensated for unity gain stability. 

Like the AC line Sense input pin, the Inverting Input pin can be 
pulled below ground by nature of the external circuitry. To prevent 
the possibility of latch-up under these conditions, clamp circuitry 
as illustrated in Figure 5 exists at the pin. These protective 
components clamp negative excursions to -0.5V BE or approxi­
mately -0.3 volts at +25°C. This prevents the substrate diode from 
conducting and activating any parasitic SCRs in the IC. An 
additional diode limits the maximum positive input voltage to 1 V BE 

to eliminate the possibility of latch up in the direction. 

Input offset characteristics are further improved with a special 
Kelvin grounding scheme for the non-inverting input. Separate 
bounding pads exist at the periphery of the chip for power ground 
and the op amp input. The bond wires become common only at 
the IC package pin itself, eliminating the errors due to ground 
drops in the circuit metalization. 

A performance factor called "inversion error" can be defined from 
the amplifier's electrical parameters which quantizes the total 
deviation from ideal inversion. It includes the effects of input offset 
voltage, input bias current, input offset current, and finite open­
loop voltage gain. For unity-gain operation with perfect 1 OKl1 OK 
gain setting resistors, the maximum inversion error for the 
SG1548 is 26.5mV or 1.06% referred to the +2.5 volts fault 
window center. In most applications the error will be less. For 
example, if -15 volts is converted to +2.5 volts, the closed loop 
gain will be -1/6. The output stage can source at least 5mA, so 6K1 
1 K gain resistors can be used. With these values the maximum 
inversion error falls to 13.5mV or 0.5%. The actual resistor 
tolerances will, of course, degrade this further. 

INV. INPUT n----1~--__1-_+--__I 

INV. OUTPUT 

GROUND Q-4~---4~--'-~r--...., 

Figure 5. Protective Circuitry at the Inverter Input Terminals 

SETIING THE FAULT TOLERANCE 

The fault tolerance window is set by applying a voltage slightly 
less than the +2.50 volt reference to the Lower Threshold pin. In 
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the example shown in Figure 6, a :t2% window is programmed 
with the divider network formed by RA and Re' The maximum input 
bias current at Pin 1 is 1.0I-lA, so the divider current is chosen to 
be three orders of magnitude greater to minimize threshold shifts. 
With the resistor values shown, +2.450 volts is applied to Pin 1, 
selling up nominal :t50mV threshold values about the +2.500 
reference. Resistors should be oflhe same type so thallempera­
ture coefficients will track, maintaining a constant divider ratio. 
The allowable voltage range on the adjustment pin is +2.45 volts 
to + 1.50 volts, corresponding to :t2% and :t40% fault tolerance 
bands. 

RA 
51.1Q 

RS 
2.49K 

SG1548 

Figure 6. Programming .the FauH Tolerance Window 

IMPLEMENTING MULTIPLE TOLERANCES 

In actual practice, some power supply tolerances may.be more 
critical than others. For example, 1)10st +5 volt logic can withstand 
:tl 0% variations without malfunction, whereas the analog circuitry 
might require :t5% accuracy. Multiple tolerances can easily be 
obtained with the SG1548 using the technique shown in Figure 7. 

"REF 

R1 SG1548 
+5V ± 10% 

1.24K 
SENSE 1 VREF 

RA 
SENSE 2 1240 

Rs L. THRESH. 

-15V ± 5% 
6.19K 

SENSE 3 Rs 
2.37K 

SENSE 4 
GROUND 

Figure 7. Implementing Multiple Tolerances 

The Quad Power Fault Monitor is first programmed for the tightest 
tolerance required. In this case the + 15 volt supply must be held 
within ±5% of its nominal value, so RA and Re are chosen such that 
± 125mV window edges are set at Pin 1 , and pin 13 is set at2.5v 
by R4 and R5 divider network. Next, the required tolerance of 
:t 10% for the +5v input is set by adding a resistor R3 from the 
sense pin to the 2.5v reference. In this section a set offormulas 
are derived to calculate Rl, R2, and R3 conSidering the effect of 
the sink current capability of the reference voltage. 

APPLICATION NOTES - SG1548 

Given: 1. Nominal Input Voltage - V NOM 
2. A programmed window tolerance - X% 
3. A desired fault tolerance - Y% 

1. Calculate: P = (V NOM - 2.5)/2.5 

2. Choose R. such that: 

R.O!: (5) (V-X) ( P;l) 

3. Calculate R1 and R3 by: 

R1 = PRo 
X PRo 

R3=(X_Y)(~) 

4. Calculate reference sink current: 

I _ (2.5) (X) 
SINK - R3 

ISINK calculated should be less than 500 !!A. 

5. Check your calculation by calculating fault tolerance Y: 

R/R3 
Y=(l +R/R) (X) [%] 

1 • 

This value should be very close to your desired value of Y. 

EXAMPLE: 
Given: 1. VNOM = 5V 

2. X=5% 
3.Y=10% 

1. Calculate P: 

P = 5 - 2.5 = 1 
25 

2. Choose R.: 

R.O!: (5) (1~0~5) (2) = .50 KO 

Choose R. = 1.24K 

3. Calculate R1 and R3: 

R1 = R. = 1.24K 

R = (_5 _) ( 1.24 ) = 620 0 
3 10 - 5 2 

Choose R3 = 6190 

4. Calculate reference sink current: 

I = (2.5 x 0.05) = 202 !!A 
SINK 619 

5. Check Calculation: 

Y = (1 + 1.24/0.619 ) (5) = 10.008% 
1 + 1.241 1.24 
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I~VERTING A NEGATIVE SUPPLY 

Conversion of a negative source to +2.50 volts is straightforward, 
as shown in Figure 8. The op amp is operated at a closed loop gain 
less than unity. However, since the amplifier is internally compen­
sated for unity gain, it is possible to monitor voltages less than 2.5 
volts (gain greater then unity) without additional components for 
stability. 

2.49K 

5.18K 
-5.2V 0--'V'\f\r--{ 

+2.50V 

FIGURE 8. Inverting and Scaling a Negative Voltage 

DETERMINING FAULT DELAY 

Fault delay as a function of delay capacitor on Pin 8 is given by the 
graph in Figure 9. The line reflects the time required to charge a 
given capacitor to + 1.25 volts with a nominal501-lA current source. 
Delays beyond several hundred milliseconds can be obtained, but 
for capacitor values beyond 5ftF, the surge limiting circuit shown 
in Figure lOis recommended. The 1000hm resistor limits the 
peak discharge current into the SG1548, while the external PNP 
transistor provides a high peak-current discharge path for the 
delay capacitor. 

1s 
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FIGURE 9. Graph of Fault Delay vs. Delay Capacitor 
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CDELAY 

SG1548 
DELAY 

FIGURE 10. Suge Limit Circuit for Large Delay Capacitors 

MONITORING THE AC LINE 

Single-cycle AC line dropouts can be detected with the circuit 
shown in Figure 11. A positive half cycle is clipped to a precise 
level using the internal Zener and a 3K source resistor. The 
discharge circuit consisting of 180K and the 0.1 ftF capacitor 
control the voltage decay so that the +2.5 volt trip pOint is not 
reached with normal sinusoidal line conditions. A single-cycle 
dropout will provide an extra 16.7 milliseconds discharge time, as 
shown in Figure 12, causing the Line Fault output to switch LOW. 

"\ 
\ 
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r ~ (' 
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HORIZONTAL: 10mSEC/DIV. 
UPPER TRACE: AC LINE 
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r--
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{ 
II \ J 
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LOWER TRACE: LINE SENSE OUTPUT AT 5V IDIV. 

FIGURE 12. Response to a Single-Cycle Line Dropout 

5V 

LINE FAULT 

FIGURE 11. Monitoring the AC Line for Sindle-Cycle Dropout 
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LINE CLOCK GENERATION 

A logic clock derived from the line frequency can be obtained with 
a minimal number of components, as illustrated in Figure 13. The 
internal clamp diode is used in both forward and reverse conduc­
tion modes, with the 10K input resistor limiting peak input current 
to less than 1 mAo Waveforms obtained with this circuit are shown 
in Figure 14. 

f' 
I 
-, 

FIGURE 13. Generating an AC Line Clock 
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FIGURE 14. Waveforms Produced by the Line Clock 
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UNDERVOLTAGE LOCKOUT 

Figure 15A and B shows two methods of using the Li.ne Sense 
comparator for inhibiting power supply start-up until some mini­
mum supply voltage has been reached. In the first case a HIGH­
going shutdown signal to the PWM control is generated until V,N 
causes the voltage at Pin 5 to exceed +2.5 volts. Ifthe PWM is on 
the primary side of the power transformer, the Line Sense Output 
can directly drive an optocoupler. In the second case the line 
sense comparator is used to gate a bias supply ON when the 
proper working voltage has been reached. 

EXPANDING THE QUAD POWER FAULT MONITOR 

The SG1548 is readily expandable to include additional positive 
and negative supplies. One half of an inexpensive quad compara­
tor Ie is required for each supply, as shown in Figure 16. 

FIGURE 16. Expanding the SG1548 to Monitor Additional Supplies 

PWM 
BIAS SUPPLY 

FIGURE 15A & 156. Using the Line Sense for Undervoltage Lockout 
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For an additional positive supply, the comparators are referenced 
to the +2.5 volt regulator olthe SG1548. The monitored supply is 
divided down by resistors R1 through R3. When the supply drops 
a given percent, the upper comparator switches LOW. Since the 
fault outputs of the SG1548 are active LOW, the indication from 
the quad comparator can be wire-ORed to the undervoltage fault 
output line. Similarly, if the supply voltage increases beyond a 
preset limit, the overvoltage fault line will be pulled LOW by the 
second comparator. 

The negative supply is handled similarly, except that the com­
parators are referenced to ground, and the resistive divider R4 
through R6 is returned to the +2.5 volt reference. The 139 quad 
comparator will work correctly as long as the inputs are not pulled 
below -0.3 volts. If this possibility exists, a Schottky clamp diode 
should be used at Pin 10 to preserve the overvoltage indication in 
case of a massive negative overdrive at the divider input. 

A COMPREHENSIVE EXAMPLE 

Each section olthe SG1548 Quad Power Fault Monitor has been 
described in detail. Now it is time to put all the pieces together and 
show power supply supervision in an actual system. For our 
example we will use the hypothetical personal computer men­
tioned at the beginning of this paper. Figure 17 shows all the 
components required. 

FIGURE 17. Monitoring Four DC Supplies and the AC Line 

APPLICATION NOTES - SG1548 

In this case, four DC voltages are monitored: three positive and 
one negative. Three different fault tolerances are mechanized, 
and the AC line is checked for single-cycle dropout. 

The ±15 volt supplies are the most critical, requiring ±5% accu­
racy. The 1240hm/2.37K divider from the reference sets this 
tolerance in the fault window generator. The -15 volt supply is 
converted to +2.50 volts with the inversion amplifier on the chip 
and applied to one of the Sense inputs. The +5 and +24 volt 
supplies are not as critical, requiring ±10% and ±20% respec­
tively. Divider resistors to the reference are used to scale the 
effective windows accordingly. The single 5flF capacitor provides 
125 milliseconds of delay before an out-of-tolerance fault is 
reported. 

All this is accomplished with one 16-pin integrated circuit and 14 
resistors, 2 capacitors, a low-current diode, and a line isolation 
transformer, which can be part of the bias supply. 

CONCLUSION 

The opportunity to realize comprehensive power supply fault 
monitoring with low component count is a reality with the introduc­
tion of the SG1548 Quad Power Fault Monitor. A combination of 
flexible architecture combined with innovative circuit design tech­
niques has resulted in a supervisory function with excellent 
accuracy and repeatability overthe full military temperature range 
of -55'C to +125°C. 
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APPENDIX· A 

Derivation of over voltage trip in terms of R" R2, R3, R., R., 
Looking at Figure 1: 
Lower Threshold voltage is calculated by: 

R 
VL = --"-VREF = VREF -/IN 

RB+ RA 
(1) 

where IN= ~ VREF (2) 
RA + RB 

ap-amp (U2) is configured as a unity gain follower, therefore: 

Upper threshold is calculated as: 

R R 
Vo=(1 +R)VREf-RVL=2VREF-VL 

But VL was calculated to be: 

(2-a) 

Vo = 2 VREF - (VREF -/IN) = VREF +!;'V 

We will call the output of U1 op-amp upper threshold UMIT and 
designate it by V U' so: 

(3) 

Next we will analyze the circuitry associate with a.v sensing 
circuit. We also assume, it is required to have higher threshold 
voltage setting than the one being programmed by R., R. divider. 

Figure 2 
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From the schematic of figure 2, we have: 

and writing K.C.L. for Vr node, we get: 

I, = 12 + 13 

Vov-Vr=l+ Vr-VREF 
R, R2 R3 

R, R, 
or: Vov = (1+-)(VREF +!;.V) +- !;.V 

R2 R3 
RA where IN = --- VREF 

RA + RB 

(4) 

Equation (4) can only hold i{the following is true: 

(4-a) 12» IBIAS where: IBIAS is the bias current of U3 
comparator 

and 

(4-b) 13 < ISINKMAX where: ISINK MAX is the maximum 
sink current capability of 
the reference voltage. 

Derivation of equation for R3: 

Assumtion: 

V ov, "a.v trip pOint set by R., R. (lower threshold) 
VOV2 ",a.v trip point desired (VOV2 > Vov,) 
x " percent voltage above nominal for V ov, 
y " percent voltage above nominal for V OV2 

From the definitions of x and y we get: 

Vov, = (x + 1) VNOM 
VOV2 = (y + 1) VNOM 

We also know that: 

R, 
Vov, = (VREF + !;'V)(1 +-) 

R2 

and from equation (4) 

(7) 
(8) 

(9) 

R, ,R, 
VOV2 = (VREF + !;'V)(1 +-) + - DV (10) 

R2 R3 

Replacing (7) and (8) into (9) and (10) and subtracting (9) from 
(10) we get: 

(11) 

or 

R, R2 1 /IN 
R3 = --- x -- x --

R, + R2 y - X VREF 
(12) 
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We also know that the relation between V L and V REF is: Using equations (17), (19) and (15) we can calculate R1, R2, and 
R3 values. 

VL = (1 - x) VREF (13) 

Since VL is x percentage lower than VREF by R3, R4 divider, 
putting (13) into equation (2-a) we get: 

!W = XVAEF (14) 

Replacing (14) into (12) we get the result: 

R R 1 
R3=(-'_2 )(--) (15) 

R, + R2 y - x 
Deriving a set of formulas for R" R2, R3 calculation: 

From the inequality of 4-b we get: 

R3 >= ~ /:"v (KR) 
10.3 

IBIAS maximum for 1548 comparator is 1 mA. 

we know that: 

R2 
VNOM = R+R 

, 2 

V -V 
R1 = (NOM REF) R2 = PR2 

VAEF 

From equation (15), (16) and (17) we get: 

x PR2 
(y-:-x) (~) >f..V 

or R > (f.. V) (J:...±...l) (~) where R2 [KR] 
2 P x 

From equation (14) we have: 

f..V = XVAEF 

and replacing V REF by 2.5 in equation 18) we get: 

(16) 

(16-a) 

(17) 

(18) 

(19) 

To calculate the reference sink current we use: 

I =~ XVAEF 2.5x 
SINK R3 R3 R3 

To derive the equation for checking we start by equation (4): 

R, R, 
VOV=(VAEF+f..V)(1 +-)+-f..V 

R2 R3 

or 

R, R, R, 
VOV=VAEF(1+-)+f..V(1 +-+-) (20) 

R2 R2 R3 

putting equation (8) in (20) we get: 

R, R, R, 
VNOM+yVNOM=VAEF(1+-)+f..V(1+-R +-R) (21) 

R2 2 3 

Replacing (16-a) into (21) we get: 

(22) 
f..V R, R, 

y=--(1 +-+-) 
VNOM R2 R3 

Replacing (14) and (16-a) into (22) we get: 

R R 
Y = x (1 + -' + -' ) 

R R2 R3 
(1 +Ft) 

2 

or ~ 
R 

Y = (1 + 3 

(1+~) 
R2 

12 - 99 



12-100 



SILICON 
APPLICATION NOTES - SG1549 

riM 

GENERAL 
LINEAR INTEGRATED CIRCUITS PS-15 

PROTECT YOUR SWITCHERS WITH DIGITAL 
CURRENT LIMITING 

A New Current Sense Latch IC Provides Pulse-by-Pulse Current Control 

Stan Dendinger 
Manager, Advanced Product Development 

Silicon General, Inc. 

INTRODUCTION 

Another new class of integrated circuits, designed specifically to 
ease the plight of the switch-mode power supply designer, has 
just been established with the introduction ofthe SG1549 Current 
Sense Latch IC. Although there have been many IC products 
developed over the past few years to provide simple methods of 
voltage control for switching supplies, the SG1549 is the first to 
specifically address and take a fresh approach to the problem of 
current control. Almost all existing PWM chips have included 
some type of circuit for current limiting, but these have all used the 
same techniques as linear regulators; that is, a current sense 
amplifier generates an error signal linearly proportional to load 
current which, after reaching an established threshold, takes 
command away from a voltage control amplifier. Thus, upon 
overload, the power supply switches from a voltage feedback loop 
to a separate currentfeedback path. Each loop must be stabilized 
separately and, because of the output filter, stable performance 
along with a reaction fast enough to protect the high-speed 
switching transistors is difficult to achieve. What is needed for 
optimum protection is a circuit which operates at the switching fre­
quency and immediately turns off the main current-carrying 
switching transistors upon current overload. Turn-off must be 
rapid, without allowing the transistors any appreciable time in their 
linear operating region, and with no oscillation or multiple-pulsing. 

A DIGITAL CURRENT LIMITER 

The optimum approach to switch-mode current limiting is to treat 
each on-cycle as a separate problem. That is, pulse-by-pulse 
current limiting. This is implemented by a device-monitoring 
current build-up each time the power supply's switching transis­
tor conducts and, upon sensing an overcurrent condition, imme­
diately turning the transistor off and holding it off for the duration 
of that normally on period. Such a circuit must have a latch, as 
once turn-off is achieved, the removal of the overcurrent signal 
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would otherwise allow the transistor to return to conduction. 
Including a latch means a provision for reset must also be 
provided. 

All of this and more is offered by the SG1549 Current Sense Latch 
IC. From the block diagram of this device, it can be seen that the 
circuit includes a comparator with positive feedback, a means for 
establishing an input threshold of 1 OOmV, a reset circuit, comple­
mentary outputs, and a high voltage level-shifting circuit. This 
device is designed to be completely compatible with many com­
monly-used Regulating PWM controllC's such as the SG1524, 
MC3420, and the TL494. Requiring only 2mA of supply current, 
the enter circuit can be operated from the reference voltage 
available with these chips, with reset accomplished by their clock 
output signals. 

+Vs 

HI CM + CLOCK 

INPUT 
RESET 

HI 
OUTPUT 

La CM La 

INPUT OUTPUT 

Figure 1. The SG1549 Current Sense Latch IC contains 
provision for senSing a current threshhold over a wide voltage 
range. Complementary outputs and a latch with reset are also 

a part of this new protection circuil. 

Although obviously designed for use with switch-mode power 
supplies, the SG1549 has broader application as a general 
purpose, low-threshold latch. A clock Signal is not the only way to 
provide reset; that function may also be accomplished by any 
operation which will momentarily pull the reset pin high. 
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CIRCUIT OPERATION 

For a detailed understanding of the operation of this device, refer 
to the schematic of Figure 2. With a +5 volt supply, a threshold 
reference is established by a current through R3. This current is 
mirrored by Q7 to provide a constant 200JlA through Rll , thereby 
holding one inputlo the comparator at 1 OOmV above ground. That 
same current is mirrored through Q4 to the floating threshold 
circuitol Ql-Q3, Dl, and Rl. This portion olthe circuit will convert 
a differential voltage between pins 1 and 2 into an identical voltage 
across R2. It will do this accurately while allowing the absolute 
voltage on pins 1 and 2 to range from 2 to 40 volts with respect to 
ground. 

,---r--------r-------T-T----D', 

Figure 2. The heart of the SG1549 is a high-speed comparator 
together with an input thresh hold level-shifting circuit. 

~ 
OUTPUT 

Since the other input to the comparator is tied to pin 3, it can be 
seen that the comparator will switch when the voltage on pin 3 
rises to 1 OOmV, regardless of whether that voltage is applied to pin 
3 directly or differentially between pins 1 and 2. 

Once the comparator switches, positive feedback provided by 
Q17 and R14 will hold it latched until a reset signal, effected by 
raising pin 7 above 2 volts, momentarily increases the threshold 
returning the circuit to its initial state. 

Transistor Q17 also provides two outputs: a high-going signal on 
pin 6 which can source 2mA and a open-collector saturating 
transistor on pin 5 which can sink more than 10mA. With 
complementary outputs, a variety of shutdown options are of­
fered. Typical delay times for the SG1549 are lS0nSec from the 
LO CM input and 300nSec from HI CM to the outputs. 

HIGH LINE SENSING 

A very straightforward application of the SG1549 is its use for 
current sensing in the input line. This switching regulator is shown 
in Figure 3. The switching regulator is shown implemented with 
the SG1524 PWM control IC and it can be seen that interfacing 
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between these two chips couldn't be easier. The value for RSC 
is determined by dividing the 1 OOmV input threshold QY the peak 
current desired. High frequency noise, or switching transients can 
usually be eliminated by a small capacitor between pins 3 and 4. 
The current shutdown command can be coupled into the SG1524 

SWITCH 
+vrN o-----,----'lN>--r-----------" 

COMP 

Rc 

Cc 

COMMON o--<-------------+----------~----J----0 

Figure 3. Using the SG1549 to sense input current to a 
simple buck converter and interface directly to a PWM 

control Ie such as the SG1524. 

by either connecting the HI-OUT, pin 6 to the SG1524's shutdown 
pin or, as shown here, using the LO-OUT pin to pull the compen­
sation terminal low. In either case, activation of the current sense 
latch will tend to discharge the compensation capacitor, Cc which 
may cause slow recovery from pulse limiting. Keeping the value 
of Cc as small as possible within the requirements of voltage loop 
stability will minimize this effect; however, slow turn-on from 
current limit is often desirable and can be optimized by using the 
LO-OUT signal to discharge a soft-start network instead of cou­
pling directly into the SG1524. 

Where minimizing turn-off delay is Important, the command from 
the SG1549 may be taken directly to the output stage of a 
switching regulator. A practical means of accomplishing this is 
shown in Figure 4 where the power switch consists of an SM625 
15-amp hybrid circuit containing both the power switch and the 
commutating diode. This switch is driven by using the SG1524 to 
switch a constant current source formed by the 2N2222 transistor 
connected with its base to the 5 volt V REF line through a 1 k resistor. 
By connecting the LO-OUTterminal ofthe SG1549 to the base of 
the 2N2222, drive current to the output stage can be interrupted 
without the delays inherent in the SG1524. 

LOW LINE SENSING 

In many types of feed-forward 'or push-pUll converters, current 
protection may be provided by senSing through an emitter resistor 
referenced to ground on the primary side of an outputtransformer. 
The fast-reacting SG1549 can easily sense secondary overload 
as reflected back to the primary and, additionally, provide protec­
tion from unbalanced transformer saturation. When using the LO 
CM inputs as shown in Figure 5, the HI CM inputs should be 
shorted together. 
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Figure 4. A fullY'protected, high performance single-ended 
switching regulator is easily implemented with two IC's and a 
hybrid switch. Current control is direct to the power switch for 

fastest response. 

SG1524 

A our 

,---....,5.0. 

OSC 

BOUT 

HI eM 
RES 

R1 
'-----t HI + t---T-"'W'r"i 

OUTPUT 
TRANSFORMER 

OUT LO eM Cl RSC 

LOW 

Figure 5. When sensing emitter current, a small input filter is often 
useful in eliminating transients to the SG1549 

While the LO CM inputs may be connected directly across a sense 
resistor, Rsco a small low-pass filter, Rl-Cl, is often helpful in 
removing high frequency transients. It must be remembered that 
the 5000hm input impedance to the LO CM terminal will cause the 
use of Rl to increase the effective threshold; however, this also 
offers the possibility of an easily adjustable threshold by incorpo­
rating a potentiometer at the input to the SG1549. 

Coupling the current shutdown command back to the control 
circuit may be done in several ways as described above, but 
again, the fastest approach is to go directly to the output switches. 
Figure 6 shows such an approach by adding two external shut­
down transistors, 01 and 04. In this circuit, these transistors 
perform double-duty by the use of C2, R3 and R4 to generate a 
positive pulse when the main power switches, 02 and 03, are 
commanded off by the SG1524. Turn-off Signals from either the 
PWM orthe SG1549are summed together through diodes 02 and 
03 to 01 and 04. 

One problem often experienced with using pulse-by-pulse current 
limiting with a push-pull inverter is half-cycling caused by limiting 

AlPPLJJ:CATJJ:ON NOTES - S01549 

Figure 6. Fastest turn-off response is achieved by taking 
the output of the SG1549 direct to the power switches 

through turn-off transistors, 01 and 04 

on one period withoutfull recovery in timeforthe next. A maximum 
duty-cycle clamp, formed by Rl, R2 and 01 in Figure 6, minimizes 
this effect by holding the error amplifier out of saturation when the 
feedback voltage begins to fall. 

Figure 7. An SG1627 provides both power gain for the voltage 
control Signal as well as a high-speed interface for the SG1549's 

current protection. 

Another convenient way to tie the output of the SG1549 into the 
PWM control in higher power applications is by using the SG1627 
Dual Interface Driver and connecting LO-OUT terminal directly to 
the two non-inverting inputs of the SG1627 as shown in Figure 7. 
The N.I. inputs of the SG1627 will force the outputs off regardless 
of the commands on the inverting inputs, and do so within 100 
nanoseconds. 

And finally, keep in mind thatthe LO-OUTterminal of the SG1549 
will easily drive most high-speed optical couplers shOUld some 
type of isolation between current sense and shutdown control be 
required. 
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MINIMIZING THE COST AND COMPLEXITY OF START-UP 
CIRCUITS FOR SWITCHING POWER SUPPLIES 

Reza Amirani 
Applications Manager 
Silicon General, Inc. 

INTRODUCTION 

Power supply designers are often faced with choosing an optimun 
circuit topology based on a specific set of requirements. Though 
the hypothetical optimum design may vary substantially from one 
set of specifications to another, some of the most important 
criteria in many power supply applications are cost, size, weight, 
reliability and efficiency. Based on such parameters, designers 
often will choose between operating the pulse-width modulation 
(PMW) controllC referenced to either the primary-or secondary­
side return. In either case, they must provide the dc power needed 
to operate that IC. Although a number of ways to generate this 
auxiliariy supply voltage exist, some of the most common meth­
ods used area60-HZtransformer, linear regulator, self-oscillating 
dc chopper or an internal bootstrap. 

Auxiliary 60-Hztransformers are used in off-line switchers to step 
down the input ac line voltage, which is then rectified and filtered 
to power the control IC. Although it is straightforward, this 
approach requires the use of low-frequentcy magnetics that are 
relatively heavy and occupy a considerable amount of pc-board 
real estate. . 

The size of the auxiliary 60-Hz power transformer can be a big 
factor in low-power switchers, which are typically very small. In 
these instances, the transformer can easily approach 30% of the 
total volume occupied by the supply. To accommodate the 
transformer, the supply's overall size would have to be increased, 
thus increasing its cost as well. Because of this, the PWM control 
circuits are not usually powered from an auxiliary 60-Hz trans­
former unless they must be referenced to the secondary side 
return. 

Linear Regulators are typically used in dc/dc converters operating 
on inputs of less than 60 volts. If the input voltage is less than 30 
volts, the designer often chooses a three-terminal voltage regula­
tor. If the input is greater than 30 volts, a discrete series-pass 
regulator is usually used, with a zener diode providing the refer­
ence voltage. 
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Unfortunately, both ofthese approaches are inherently inefficient 
because of the power being dissipated in the series-pass ele­
ment. Moreover, as the input voltage increases, the power 
dissipation also increases, with a corresponding decrease in 
efficiency. And since the input power is derived from the primary 
side of the switcher's power transformer, the PWM control circuit 
must be referenced to the primary-side return. As a result, the 
supply must include additional analog circuits on the secondary 
side and provide primary-to-secondary isolation through an opto­
coupler or isolation transformer. 

Self-oscillating dc choppers can be used in either off-line switches 
or in dc/dc converters. In either case, the dc applied to the 
switching circuit is also applied to a self-oscillating chopper built 
around a saturable core. The chopper converts the dc into a high­
frequency ac square wave that is stepped down, rectified and 
filtered to provide the dc power required by the PWM control 
circuits. 

Since the frequency of operation is often above the 20-KHz range, 
the selected magnetics are much smaller than a comparable 60-
Hz transformer. The chief disadvantage of this approach is the 
need for two high-voltage switching transistors, the cost of which 
more than offsets any savings achieved by use of smaller magnet­
ics. Because of this, choppers are usually used only in dc/dc 
converters intended for use in telecommunications, aerospace 
and other high-reliability applications. 

Bootstrapping employs an auxiliary startup power supply and a 
special winding on the main power transformer. Once the 
supply's operation has stablized, this winding provides all the 
power required to operate the PWM control circuits. However, 
when ac power is first applied to the supply, the bootstrap winding 
provides no output. Instead, the PWM control circuits are pow­
ered entirely by the auxiliary startup supply. But as the switching 
transistors begin to function, voltage appears across the boot­
strap winding. Eventually this winding, with its associated recti-
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fier/filter circuit, takes over the task of powering the PWM control 
circuits, and the startup circuit shuts down. 

Because the startup circuit must provide power for only the period 
required for the switch-mode regulator to stabilize-the supply's 
turn-on delay-very little power is dissipated in the start-up cir­
cuitry. But this approach requires a relatively large number of 
discrete components, especially when the design calls for the 
PWM control circuitto be referenced to the secondary-side return. 
With the availability of monolithic boostrapping startup circuits, 
however, these components can be replaced with a single inte­
grated circuit. Figures 1 and 2 show block diagrams of the 
bootstrap method for primary and secondary side operation. 

AC 
IN 

DC VOLTAGE 

Figure 1. Primary Side Start-up Circuit 

II 
DRIVE 

X1ig 

Figure 2. Secondary Side Start-up Circuit 

A MONOLITHIC BOOTSTRAPPING STARTUP 

A simplified schematic diagram showing how the monolithic 
startup circuit, an SG1540 is connected into a typical power 
supply, can be found in Figure 3. As can be seen, the PWM control 
IC, an SG1526 in this case, receives power from two sources 
logically "ORed" at pin 14. 

When ac power is first applied, capacitor C3 is charged through 
resistor R2. When its voltage reaches the turn-on threshold, .a 
self-contained chopper in the SG1540 is turned on with the 
resulting high-frequency ac being applied to the primary winding 
of transformer T2. The resulting voltage appearing across the 
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secondary is rectified, filtered and applied to the dc input of the 
PWM controllC at pin 14. With the application of dc power at pin 
14, the PWM control IC turns on the switching transistors and 
power is soon applied to the primary of transformer T1 , the main 
power transformer. As a result, voltage is induced in the bootstrap 
winding, AB: This voltage is rectified, filtered and applied to pin 14 
of the PWM control IC. Because its voltage is higher than that 
provided by the SG1540 through transformer T2, it provides all the 
power used by the PWM controllC. 

PWM 
CONTROLLER 

SG1526 
U2 

}--j--'---'-rl15 

Figure 3. Schematic Diagram of the Bootstrap Start-up-power Circuits 

During the period oftime that has elapsed for this to occur, energy 
has been drawn out of capaCitor C3 to power the control circuits 
through the SG1540. As a result, the voltage across C3 has 
decreased. As energy continues to be withdrawn, the voltage 
eventually falls below the SG1540's turn-off threshold and its self­
contained chopper turns off. When this happens, transformer T2 
no longer provides power to the rectifier connected to its secon­
dary winding. This has no effect on T2 or the SG1540, because 
the diodes in the rectifier isolate them 'from voltage being pro­
duced by the bootstrap winding. 

Of course, once the SG1540 turns off, energy is no longer 
withdrawn from C3 and, as a result, its voltage increases and the 
SG1540 is again turned on. However, because the bootstrap 
voltage is higher, the SG1540 does not supply any power to the 
PWM control circuits. Instead, it simply alternates between being 
on in an idling mode arid being tuned off as the voltage across C3 
rises and falls, The primary side operation is the same exceptthe 
AB winding is wound on the primary side. (See Figure 5 in the 
comparator section.) 

EXPLANATION OF THE INTEGRATED CIRCUIT 

The SG1540 consists of three main sections, as shown in Figure 
4; a micropower bandgap comparator/power switch, a high­
frequency square wave oscillator with a 200-milliamp totem-pole 
output stage, and a second bandgap comparator with latching 
crowbar'to protect against overvoltage faults while starting or 
running. 
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HYSTERESIS DC OUT 

OVERVOLTACE l)----I"-

Figure 4. 1540 Block Diagram 

The Comparator Circuit 

The operation ofthe circuit is best explained by referring to Figure 
5. A micro power comparator (Ul) is referenced to an internal low­
drift bandgap source that provides +2.5 volts to one input of both 
the startup and overvoltage comparators. The overall tolerance 
of this reference voltage, over the full operating temperature 
range, is ±130 millivolts. However, this reference is not available 
for any external connections. Also included is a hysteresis 
transistor (Ql) faCilitating external programming of turn-on and 
turn-off voltage thresholds. 

RSTART 

Figure 5. Simplified Schematic Diagram of the Comparator Circuit 

When voltage is first applied to the IC, pin 2 is set lower than 2.5 
volts by the voltage divider composed of Rl and R2. This causes 
the output of the comparator to be switched low. When this 
happens, transistors Q3, Q4, Q5 and Q6 are biased off, isolating 
startup capacitor CSTAAT from its load. At the same time, transistor 
Ql is turned on, plaCing R3 in parallel with R2 and forcing the 
voltage at pin to drop even lower. During this time, the quiescent 
current drawn by the IC is less than 1 milliamp, which allows the 
startup capaCitor voltage to ramp up towards the high-voltage dc 
supply through startup resistor RSTAAT' 

Once the startup threshold is reached, the base of Ql transistor 
switches low and causes Ql to be turned off. This raises the 
voltage at pin 2 to a higher value, determined by the R1-R2 voltage 
divider. At the same time, the other output of the comparator 
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activates the osillator circuitry and through Q3, Q4 transistors 
turns the Darlington pair (Q5-Q6) on. When the Darlington pair is 
turned on, they provide a path through which the energy stored in 
the startup capaCitor CSTAAT can flow to the PWM control circuit. 
During the discharge time, the voltage induced in the flyback 
winding will be rectified and filtered by Dl and CST to provide the 
DC voltage. Note that the startup capacitor must be large enough 
to store sufficient energy to generate a bootstrap voltage that can 
meet all power requirements of the control circuits in the supply. 

The Q5-Q6 Darlington pair is protected against any load tran­
sients or short-circuit conditions by internal current limiting. The 
maximum allowable output current is determined by the ratio of 
base-emillervoltage oftransistor Q7 to the voltage across resistor 
R4. A typical value for the short-circuit current is 100 milliamps at 
25°C, but as the temperature increases the current-limit threshold 
decreases. Figure 6 shows the Darlington saturation voltage vs 
load current. 
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Figure 6. Output Transistor Voltage v.s. Load Current 

Oscillator and AC Output 

A simplified schematic block diagram of the oscillator is shown in 
Figure 7. The oscillator's frequency is determined by the values 
of an external resistor, Rp and capacitor, CT (R7 and C4 in Figure 
3). Their values can be obtained from the chart in Figure 8. When 
voltage is first applied to the IC, capacitor CT is completely 
discharged and switch SI remains open. Even though the input 
voltage rises, switch SI remains open until the startup threshold 
is reached. When it is reached, the startup comparator (see 
Figure 5) changes its output state, causing switch SI to close. As 
soon as it closes, capacitor CT rapidly charges through resistor Rl 
towards input voltage V ,N• Once the voltage across CT reaches 0.7 
volts, the output of comparator Ul changes state. 
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Despitethechange of Ul 's output state, switch Sl remains closed 
due·to the action of a latch circuit, and the voltage across CT 

continues to rise towards VIN' When it reaches approximately 2.1 
volts, the outputof comparator U2 goes high. This resets the latch 
circuit and opens switch Sl. When switch Sl opens, capacitor CT 

is isolated from VIN and begins to discharge through resistor Rr 
As the discharge continues, the voltage across CT decreases and 
when it finally falls to 0.7 volts, the output of comparator U2 goes 
low, closing switch Sl and beginning the cycle again. 

R, 

V,N t' FROM START UP 
2K CIRCUITRY 

51 ------t---------, 

R, 

2.1V 

Figure 7. Block Diagram of the Internal Oscillator used to Drive 
the SG1540's Chopper Circuit 

10 100 lK 10K lOOK 

OSCillATOR F"REOUENCY-(Hz) 

Figure 8. 1540 Oscillator Frequency Chart 

A square-wave ac output is generated by driving a flip-flop from 
the output of the latch circuit. The flip-flop's output is applied to a 
totem-pole output stage. The output transistors have maximum 
peak-current capabilities of 200 milliamps, which is enough to 
power the control circuits of most switching power supplies during 
the startup period. Note that if the oscillator circuit is not being 
used, pin 4 should be connected to pin 7. 

Overvoltage Circuit 

The overvoltage circuitry is intended to protect the IC against any 
overvoltage faults during startup and any period it is active. The 
circuit is shown schematically in Figure 9 and consists of a 

APPLICATION NOTES - SG1540 

comparator, composed of 02 and 03 referenced to 2.5 volts, a 
latching crowbar circuit, composed of 06 and 07, and a zener 
diode, Zl. When the voltage at pin 7 exceeds the threshold set by 
the Rl-R2 voltage divider, pin 2 rises above 2.5 volts, causing 
transistor 05 to turn on. This, in turn, turns off output transistors 
09 and 010 and activates an SCR crowbar. When pin 2 is not 
used to program the overvoltage condition, the SCR can still be 
activated by allowing the voltage at pin 7 to exceed the zener 
diode's nominal 42-volt avalanche voltage. Note that when the 
overvoltage circuit Is not being used, pin 2 should be tied to 
ground. 

R, 

R, 

Figure 9. Simplified Schematic Diagram of the Overvoltage 
Protection Circuit in the SG1540 

DESIGN EXAMPLE 

The power supply design discussed in this section uses a fairly 
common, straight forward circuit. It is intended to show the 
application ofthe SG1540 I.C. in one ofthe modes of its applica­
tion, namely secondary side PWM operation. This mode of 
operation was chosen over the primary side, simply to show the 
dramatic reduction in the size and weight of the auxiliary supply 
compared to applications where 60Hz transformers are being 
used. 

Circuit Description 

A general description ofthe SG1540 in a typical power supply was 
given in section "A MONOLITHIC BOOTSTRAPPING 
STARTUP". We will now design a complete power supply using 
the same circuit topology of Figure 3 with an SG1540 as the start 
up controller. As can be seen from Figure 10, the input rectifier 
bridge is arranged for connection either to 117 Vac or220 Vac line. 
The circuit uses a pair of 400 volts' MOSFET's in a Half Bridge 
circuitry and a pair of high speed rectifiers for the output stage. 
The MOSFET's are driven directly from the totem-pole output 
stages of an SG1526 control chip through an isolation trans­
former. This provides the fast current turn-on and turn-off pulses 
needed for MOSFET gates. 

Current limiting is done with currenttransformer (T4) in series with 
the primary of the power transformer: The signal is rectified and 
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FIGURE 10 - A TYPICAL POWER SUPPLY APPLICATION UTILIZING 
THE SG1540 AS THE START-UP CONTROLLER 
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lightly filtered, then fed to the current limit comparator terminal pin 
7 of the SG1526 control chip, where it is being compared to the 
threshold voltage at pin 6 by R26, R27 divider network. 

Start-up Circuit Calculations 

Suppose we want our power MOSFETS (01, 02) to start at + 15 
volts and drop out at + 10 volts. This would require the secondary 
start up and drop out voltages to be 15V and 10V respectively. If 
the isolation transformer (T2) has a 1:1 turns ratio, then the 
voltage out of (pin 6)of SG1540 needs to be a squarewave of 0 to 
30 volts pop output, since capacitor C5 blocks the DC component, 
converting it to a waveform of ±15 volts peak amplitude signal. 
Knowing this, we proceed with calculations of R1-R3 resistors as 
follows: 

Refer to Figure 5 for this section. 

Given V START' V DROP' and that the divider current at start up is 
100uA, then the resistor values are calculated as follows: 

1. Let X 

and 

y = 

Calculate: 

VSTART - 2.5 
2.5 

VDROP - 2.5 

2.5 

R,=25*X 

~ R2 = Y 

Now, based on these formulas we will work out the values of R1-
R3 for our converter design: 

Given: VSTART= 30V, VDROP = 20V 

X = 11.0 

y =7.0 

R, = 275K Choose R1 = 274K, 1% 

R2 =39.1K Choose R2 = 39.2K ,1% 

R. = 68.3K Choose R3 = 68.1K, 1% 

APPLICATION NOTES - SG1540 

2. Calculation of start up resistor (RST) and start up capaCitor (CST) 
are as follows: 

and 

p R = (V DCMAl()2 

RST 

Calculation of CST: 

I * AT TST 
~ < CST < -----"";-V;-----

RST * Ln ( DCMIN ) 
V DCMIN - V START 

total start up current including the resistor divider. 
(1ST" 1 mA is a good choice). 

Total rms current of control circuitry plus 1540 I.C. 

AT = Discharge time (Time allowedforthe auxiliary wind­
ing to reach start up voltage). 

AV = The difference between start-up voltage and drop­
out voltage. 

TST = Time to charge up capacitor to start up voltage 
threshold (power supply start up time). 

V DC = Rectified DC BUS at minimum AC input. 

A numerical example for our converter design is as follows: 
First, assume that we have following specs for power supply start 
up time and power dissipation allowed in the start up resistor. 

TST S 700 ms PRS 1 watt 

Based on the formulas given, we find: 

R S (134 {2)2 = 111 K 
ST 47x10' 

Choose RST = 47K 

P = 100 {2 -30 
R 10'" 

0.764 watts Choose 1W Resistor 

If I = 40mA and AT = 5ms, then 40llf < CST < 621lf 

Next, we calculate the start up time ofthe converter by the formula: 

VDC 
TST = RSTCST Ln (~) 

DC ST 
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A tabulation of start up time vs input voltage based on the above 
equation for the converter is given: 

~ 
100 Vrms 
117Vrms 
134 Vrms 

Start up time 
526mS 
442mS 
381 mS 

3. Finally, to complete our start up circuitry, we need to design an 
isolation transformer. We start by writing the equation: 

Vp 
Np =---

4 BMACFs 

Where: v p = Transformer primary voltage 
BM = Maximum flux density of core material 
Ac = Cross sectional area of the core 
F s = Frequency of transformer input voltage 

For our design we choose a Ferroxcube Pot Core, 905PLOO-3B9 
withAc=0.101 cm2. Looking at3B9 material we choose BM =0.1T, 
and we calculate Np as follows: 

N = 15 = 19 Turns 
p (4) (0.1) (0.101 x 10.4) (200 x 103) 

Choose Np = 25T 

Note: R7 and C4 are chosen such that oscillator frequency is at 
400KHz, therefore providing an output frequency of 
200KHz. 

Since transformer has a 1:1 turns ratio, both the primary and 
secondary turns are chosen to be equal. Np = Ns = 25 turns of #32 
AWGwire. 

PERFORMANCE 

APPLICATION NOTES - 8G1540 

Figure 11 shows the start up time at 117Vac input. 

30 f-----+-t--t--+v-At--t-/---j">t-j----\-t-/"ki,,, 
25 ~-r~--+--Ir--~-u~~.r~--~ 

1/ l'v \V 
20 ~-r~-.~~~+--+~r--j-~r--t-~ 

15 ~-r~~~-+---t--t---r--r~~ 

10 ~-r~/-t-~--+--+--r--j---r--t-~ 
V 

5lL: 
o 

200 400 600 800 1000 

TIME - (ms) 

Figure 11. Power Supply Start-up Time v.s. Start-up Voltage 

CONCLUSION 

Considerable savings in size, weight, and! or cost can be 
achieved by using a bootstrap startup circuit in switch-mode 
power supplies. Empirical evidence has shown that bootstrap­
ping a PWM control IC on the primary side results in a startup 
current of about 1 milliamp, which means just about any standard 
PWM controllC can be used as a primary-side controller. Boot­
strapping a secondary-side controller results in a significant 
reduction in the size and weight of the auxiliary power transformer 
by substituting high-frequency magnetics for the 60-Hz magnet­
ics that would otherwise be required. Moreover, the use of a 
monolithic startup circuit, such as the SG1540, in a bootstrap 
circuit minimizes both real estate and component requirements. 

A summary of the test results of some of the parameters is tabulated here: 

Parameter 
Line and load regulation 
Ripple & noise 
Current limit knee 

Short circuit current 

Parameter 
Efficiency at full load 

Output load transient 

Start uptime 

Condition 
100<Vac<134,5A<1<20A 
100<Vac<134,5A<1<20A 
Vac = 100V 

5VOutput 
±3mV 
90mVp-p 
22.4A 
23A Vac = 134V 

Vac = 100V 
Vac = 134V 

Condition 
Vac = 100V 
Vac = 134V 
100<Vac<134V 

Vac = 100V 
Vac = 134V 

16A 
20A 

Test Result 
77% 
70% 
Overshoot = 500mV 
Rcvry time = 300nsec 
520ms 
380 ms 
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APPLICATION NOTES,- SG3626/SG3644 

LINEAR INTEGRATED CIRCUITS PD-} 

USING THE SG3626/3644 FET DRIVERS IN THE 
16-PIN SOIC PACKAGE 

Stan Dendinger 
Advanced Product Development 

Silicon General, Inc. 

INTRODUCTION 

The use of surface-mount integrated circuits is becoming more 
popular as the trend to miniaturize electronic systems continues. 
Consequently, designers are requesting more types of ICs to be 
available in these packages, particularly the Phillips Small Outline 
Integrated Circuit (Sale) configuration. to accomodate this need, 
Silicon General offers the SG3626 (inverting) and SG3644 (non­
inverting) Dual High-speed MOSFET Drivers in the wide body 16-
pin copper-lead SOIC package (DW suffix), 

This combination of potentially high-dissipation die in a very small 
package requires special attention on the designer's part to 
thermal management techniques, The net effect of average IC 
power dissipation and the resulting heat flow from the die to the 
outside world should be an operating junction temperature which 
never rises above +12SoC for acceptable device reliability. This 
application brief is intended to provide enough information for the 
designer to avoid major pitfalls and to achieve a successful 
thermal design. 

EFFECT OF JUNCTION TEMPERATURE ON RELIABILITY 

The undesirable effect of high junction temperatures on long-term 
reliability of semiconductors has long been known. The Military 
Handbook, Reliability Prediction of Electronic Equipment (MIL­
HDBK-2170) published by the U.S. Defense Department, con­
tains a formula for calculating the Mean-Time-Before-Failure 
(MTFB). The actual failure rate is dependent on many factors; but 
assuming all other variables are constant, the relative failure rate 
will increase with higher junction temperatures. 

The curve plotted in Figure 1 is based upon the handbook tables 
forthe temperature acceleration factor ofthe failure rate model. It 
can be used to estimate the change in.reliability for a given linear 
bipolar IC as its operating junction temperature increases. 

For Example, the SG3626 is rated for a maximum junction 
temperature of + 12SoC, and will exhibit a certain failure rate in 

January 1990 

actual operation dependent on the other factors that influence 
reliability. If the junction temperature is allowed to go to + 150°C, 
the failure rate will triple. At + 175°C, the expected lifetime will be 
reduced by a factor of 9! On the other hand, if heatsinking lowers 
the maximum junction temperature from +12SoC to +100°C, the 
reliability will improve by a factor of 3.S. from these numbers, it is 
easy to see the importance of controlling the junction temperature 
if reasonable lifetime is a design goal. 

II 
400 

J 
II 

100 J 
-' V 

o o ~ 00 ~ ~ rn ~ rn ~ 
.AJNCnOH TEMPERA lURE - "C 

Figure 1, Linear Ie Failure Rate vs Junction Temperature 
(MIL-HDBK 217D) 

FREE-AIR OPERATION 

Figure 2 shows the maximum allowable power dissipation as a 
function of ambient temperature for the SG3626DW and 
3644DW. Power dissipation capabilities of the 16-pin copper­
lead SOIC package (8JA = 10SoCIW) are compared with the 
popular 8-pin copper-lead-frame plastiC DIP (8JA = 78°CIW). 

For free-air operation, the maximum allowable dissipation at TA = 
+ 70°C is SOOmW for the SG3626/3644DW. From the data sheet, 
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sheet, the worst-case DC current consumption is 27mA with 
both drivers continuously in the LOW state. If no heat sink is 
used, a maximum supply voltage of 500mW + 27mA, or 18.5 
volts should be allowed to keep the junction temperature below 
+125°C. This is just for safe DC operation. 

2.01--1--1--1--1--1--1---1 

·150 175 

AMBIENT TEMPERATURE - 'C 

Figure 2. Maximum Power Dissapation vs Ambient Temperature 
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Figure 3. Supply Current vs Switching Frequency 

Figures 3 and 4 which are re-printed from the data sheet, can be 
used to estimate the AC current consumption. The data, taken 
on actual devices, shows that the current consumption can 
exceed the worst-case DC value at high frequencies, or with a 
sufficiently large capacitive load. In the case of a switching 
power supply, the worst-case dissipation will occur at high line 
voltage and light load: the driver pulse-width will narrow to a small 
value, and the power dissipation of the driver will approach the 
sum of the worst-case DC value plus the AC contribution. 

The designer will have to determine the exact power dissipation 
given the chosen switching/frequency and equivalent input ca­
pacitance ofthe power devices; he may conclude that the supply 
voltage to the driver will have tei be reduced even further. 
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Figure 4. Supply Current vs Switching Frequency 
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Figure 5. Maximum Power Dissapation vs Case Temperature 

OPERATION WITH A HEATSINK 

Since most power MOSFETs require gate enhancement volt­
ages of 10 to 15 volts, the idea of heatsinking the SOIC may 
begin to appear attractive since it offers the beleaguered de­
signer another degree offreedom. From Figure 5, if the case of 
the SOIC package (the bottom, which is closest to the internal 
copper die-flag of the lead frame) can be held below +80°C, the 
driver can dissipate 750mW rather than the previous 500mW. 
The additional 50% gain in power dissipation capability may be 
adequate to meet the original design goals. 
The thermal resistance is best minimized by designing a wide pc 
board trace under the SOIC package, and by eliminating the air 
gap with thermal grease or a high thermal-conductivity rubber 
gasket with double-sided adhesive. More elegant schemes, 
such as using a metal-core board of alumina substrate, will allow 
even higher dissipation. Finally, airflow across the package in 
the range of 200-800 LFPM will reduce the thermal resistance by 
15 to 30%, if the goal of miniaturizaiion is not compromised by 
the addition of a fan. 
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LINEAR INTEGRATED CIRCUITS PD-2 

POWER SWITCH DRIVERS: NEW IC INTERFACE BUILDING 
BLOCKS FOR SWITCHED-MODE CONVERTERS 

Stan Dendinger 
Manager, Advanced Product Development 

Silicon General, Inc. 

ABSTRACT 

This paper describes the characteristics and performance of two new integrated 
circuit products designed to interface between the control circuitry for switch mode 
converters and their high power output stages. The first device develops the high 
level turn-on and turn-off commands directly from the outputs of a low power P.W .M. 
control circuit while the second is designed as a floating switch to control a high 
current switching transistor directly from the secondary of a drive transformer. 

INTRODUCTION 

Recent years have seen significant developments by component 
suppliers which have resulted in the ready availability of many 
high performance power transistors and sophisticated control 
integrated circuits for switching power supply design. There 
existed a gap, however, between the control circuit and the power 
switching transistors where a considerable amount of circuitry 
was required to adequately condition and amplify the control 
signal in such a way as to provide the proper turn-on and turn-off 
commands to the power switch. This gap has now been filled with 
two new integrated power switch drivers, the SG1627 Dual Output 
Driver and the SG1629 High Current Floating Switch Driver. 

SG1627 DUAL OUTPUT DRIVER 

VCC 

N.!. 
INV. 

N.!. 
INV. 

GND 

SG1627 
SOURCE 

CURRENT 
LIMIT 

SINK 

SOURCE 

CURRENT 
LIMIT 

SINK 

The SG1627 was designed to directly interface between low level 
control circuitry and the high current handling devices required in 
switching power supplies. As shown in Figure { this is a dual 
circuit containing both channels that are required for a push-pull 
system. It accepts the P.W.M. signals from a control circuit such 
as the SG1524 and provides the conditioning necessary to 
develop both turn-on and turn-off commands at currents up to 
500mA. Its outputs can be used to directly control an external 
power transistor or to interface with driver transformers for addi­
tional power amplification. Another feature of this circuit is the 
optional ability to provide a constant drive current. 

Figure 1. The SG1627 Dual Output Driver is Packaged in a 16-Pin 
Cerdip D.I.L. Package. 

January 1990 

CIRCUIT DESCRIPTION 

Figure 2 shows the schematic for one-half of an SG1627 dual 
output driver. It must be remembered that there are two identical 
circuits in each 16-pin dual-in-line package. The inputs to this 
circuit are switch closures to ground with both inverting and non­
inverting logic configurations available. The input threshold level 
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of both logic inputs is 2V, and the logic is powered by an internal 
voltage regulator so that input characteristics are unaffected by 
power supply voltage which can range from 5 to 30 volts. 

+Vcc 

l~nV;~~ O---f---+-f-.... 

Source 
Collector 

Nonl~~nuyt o-----if-".....-4 t-'i++----==-----o ~~~~~niBoost 

D1 D2 
6V 6V 

Sink 
Collector 

Sink 
Emitter 

Figure 2. Schematic Diagram for One-Half of the SG1627 

The output sections of the SG1627 contain both source and sink 
transistors, each capable of 500mA, 30V operation. In addition, 
the source transistor has the capability of constant current opera­
tion by using an external sense resistor between the source 
emitter and the current sense terminals . .The source transistor is 
in a Darlington configuration which can easily deliver currents to 
500mA under all operating conditions but at the cost, however, of 
a higher saturation voltage. The sink transistor is designed for 
very low saturation voltage: approximately 0.5 volts at 500mA. It 
does, however, need greater base drive to meet those high 
currents. This can be provided by either raising the supply voltage 
above 5V, or by adding a boost drive current through 06. The 
saturation characteristics of both source and sink are shown in 
Figures 3 and 4. 
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Figure 3. Saturation Characteristics of the SG1627 
Source Transistor 
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Figure 4. Saturation Characteristics of the SG1627 Sink Transistor 

THE TOTEM-POLE OUTPUT CONFIGURATION 

One of the simplest uses of the SG1627 is illustrated in Figure 
5 where the output is configured to provide a constant 300mA 
turn-on command to an external switching transistor together 
with a high peak turn-off current. Note that the logic on the 
SG1627 is being driven directly from the 5V reference terminal 
of an SG1524 P.W.M. control I.e. The logic inputs are directly 
connected to the open collector output transistors of the 
SG1524 with no additional interfacing components. The output 
current of the SG1627 comes from the input voltage, which in 
this case is approximately 10V, but the use of R2 provides a 
constant source drive regardless of input voltage variations. 

VIN = +lDV 

1/2 SG1627 

Power 
"'-+-+~~M--+.--t: Switching 

Figure 5. In a 300mA Output "Totem Pole" Configura­
tion, The SG1627 Interfaces Directly With the SG1524 

Regulating P.w.M. Control Circuit. 

Transistor 

Resistor R31s used to build up a voltage drop across capacitor e,. 
At turn-off, the energy stored in e, provides both a negative 
voltage to the base ofthe power switching transistor and the boost 
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drive current necessary to saturate the sink transistor during peak 
discharge currents of approximately 500mA. With this magnitude 
of reverse base current (lb2), transistor turn-off is greatly acceler­
ated. 

There are two considerations to remember in this configuration. 
The first is that the maximum output voltage will be less than the 
value of Vee because the source transistor operates as an emitter 
follower. With Vee = 5 volts in this case, the peak output voltage 
is approximately 3 volts. The other consideration is power 
dissipation in the source transistor when using it in the constant 
current mode since it will absorb any excess voltage after current 
limiting. 

The performance of this application is illustrated in Figure 6 which 
shows the base current into the external switching transistor. One 
can see both the constant drive current of about 300mA and the 
rapid, peak negative turn-off current in excess of 500mA. Note 
thatthe delays through the SG1627 are less than 50 nanoseconds 
making a very fast responding circuit. 
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Figure 6. Output Current Transfer Function 

An alternate configuration shown in Figure 7 pictures the SG1627 
with a higher value of supply voltage. This offers at least two 
advantages: first of all, it allows the output voltage swing to rise 
considerably higher remembering that the source as an emitter 
follower can rise to approximately 2V below the input supply 
voltage. The other benefit is in providing greater drive current for 
the sink transistor allowing 500mA saturation without the need for 
additional boost current. Because of the large power supply 
voltage across the source transistor, power dissipation can be a 
problem. This probably means a reduced source current if current 
limiting is required, although the use of resistor R, to absorb some' 
of the voltage drop will reduce the power dissipation within the 
SG1627. 

Recognizing the potential for package power limitations, it is 
important to consider the use ofthe SG1627 with various types of 

VIN = +2DV 

R, 
,500 

Power 
Switching 
Transistor 

Figure 7. Higher Input Voltages Can be Used to Provide Drive 
for Higher Sink-Transistor Currents 

power boosting circuitry. Maximum flexibility for the use of 
external current boosting transistors is maintained by the uncom­
mitted availability of both the collector and emitter terminals of 
both the source and sink transistors. Figure 8, for example, shows 
the use of an external PNP transistor to boost the source current 
to 1 amp. The use of the PNP transistor in this configuration still 
allows current sensing to be used for constant current operation. 
If constant current operation is not required, an NPN emitter 
follower booster could also be used. The use of a single boost 
transistor as shown in Figure 8 makes a powerful drive circuit as 
one can now drive one amp of turn-on current into a switching 
power transistor and still have a 500mA ofturn-off current through 
the sink transistor. 

1/2 SG1627 

Vee 

N.I. 

INV. 

GROUND 

,-----(>---*"---{ 2N6109 
or equiv. 

Power 
Switching 
Transistor 

Figure 8.1ncreased Source Current With the Use of an 
External Boost Transistor 
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DUAL PHASE OUTPUTS 

The SG1627 dees net need te be cemmitted te tetem pele 
eperatien. The seurce and sink transisters can be separated and 
used independently fer dual eppesite-phase .outputs. Figure 9 
shews the eperatien with beth seurce and sink transister emitters 

greunded and each used as a cemmen emitter amplifier driving an 
external lead resister. Figure 9 alse shews the use .of an external 

resister R, te previde additienal drive current beest te the sink 
transister. This will allew the sink transister te previde full 500mA 
eperatien with .only a 5 velt supply. The respense characteristics 

efthis type .of cenfiguratien are shewn in Figure 10, which pictures 
the respense .of beth seurce and sink with 24ehm lead resisters te 
inputs at beth the inverting and the nen-inverting legic inputs. 

Nete again the minimum delay .of beth .outputs; less than 100 
nanesecends from input te .output en beth source and sink. 

Vee ~ +5V 

R, 
2000 

1/2 SG1627 
,--~>-+----' 

Figure 9. Seperate Dual-Phase Outputs With Additional Drive 
Current for 500mA Sink Transistor Operation 
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Figure 10. Source and Sink Response Characteristics 

The use .of the seurce and sink as separate outputs prevides 
significant benefitfer driving a transformer, as illustrated in Figure 
11. In this example, the primary winding of the transfermer is 
driven by the source transistor with its emitter grounded. Constant 

current operation is shewn with the inclusien ofthe sense resistor, 

R2, but veltage switching ceuld as easily be accemplished by 
merely sherting together the sense terminals. Te previde greater 
efficiency in the magnetic design, a reset winding is added and 

shewn being driven by the sink transister. This ensures the 

magnetic flux is reset te zero between each pulse. Of ceurse, the 
sink transister .opens up every time the seurce transistor drives 

the primary winding. 

1 /2 SG1627,---{~ __ -F:;-:;:==t;L=!. __ ~ 
Drive Primary 

Secondaries 

nn 
Primary Reset 

R3 
'DO 

Other 
Half 
SG1627 

Figure 11. Driving an Outside Transformer With the SG1627 

An additienal illustration of the versatility .of the SG1621 is shewn 
in Figure 12, where the nen-inverting logic input is used te provide 

a pesitive guarantee that both sides of a push-pull inverter can be 
on atthe same time. This circuit is shown using the inverting input 

as the primary drive path, which will force the source transistor te 
be on when the centrel circuit transister is conducting. The non­

inverting input is then diode-ceupled to the oppesite side of the 
inverter and senses saturatien .of the external pewer switch. If the 
collector of the opposite transistor is lew, holding the nen-inverting 
input lew, then regardless of what happens at the inverting input 

terminal, the output seurce on that side cannot be turned en. The 
sink will remain on, holding the output lew until a rising cellector 

voltage en the opposite side remeves the non-inverting input at 
which time the cemmand signal will then ceme threugh the 

Figure 12. Simultaneus Conduction of the Two Output Transistors 
is Prevented by Gating With the Non-Inverting Inputs 
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8G1627 and turn on the correct side. This circuit is particularly 
useful as a protection against cross-conduction of the output 
transistors during transient conditions at power-on or overload. 

The above examples have been chosen to illustrate the versatil­
ity and performance of this new device designed to interface 
between a low level pulse width modulating control circuit and the 
high power switching transistors used in all modern-day switching 
power supply designs. 

THE SG1629 HIGH CURRENT FLOATING SWITCH DRIVER 

A second interface circuit to be discussed in this paper is the 
8G1629 illustrated in Figure 13. This device has been designed 
to provide an interface between a drive transformer secondary 
winding and a high power switching transistor, and again provide 
the proper signal conditioning to adequately deliver both turn-on 
and turn-off current into the base of that switching transistor. More 
importantly, its design is such that it requires no external power 
connection but develops all the power for both turn-on and turn­
off from the drive transformer and an external storage capacitor. 
With this capability, the 8G1629 can be used in floating operation 
for bridge inverters at voltages in excess of 300V with respect to 
ground. This circuit also contains the capability for constant 
current drive operation with a similar type of current sensing circuit 
and an external current sensing resistor. 

Figure 13. The SG1629 High-Current, Floating Switch Driver 

CIRCUIT OPERATION 

The 8G1629 functions with a center-tapped drive transformer 
secondary winding such that when a turn-on command is present 
and current is flowing in the upper half of the secondary winding 
through the source transistor and into the base of the power 
switching transistor, a current is also flowing in the lower portion 
of the transformer secondary through the high current rectifier to 
charge the external capacitor Cs to a negative voltage. When the 
drive command terminates, this negative voltage is used to turn on 
the sink transistor which then pulls a negative Ib2 current from the 
base of the switching power transistor down to the negative 
voltage on the capacitor providing again a high peak turn-off 
current to speed the response and minimize the power losses in 
the switching transistor. For maximum versatility, this circuit also 
contains several gating options. 

In Figure 14, the schematic of the 8G1629 shows two power 
Darlington transistor structures, each capable of handling an 
excess of 2amps of current: 03/04 as the source. and 06/07 
forming the sink. Transistor 05 provides current sensing with 
feedback to provide constant current operation. The source 
transistor is turned on by conduction of drive current through 
resistor R2• The drive current for the source transistor is gated on 
and off through the action of 01 which senses the input voltage 
and provide a turn-off of the source transistor between each drive 
current pulse. 

03 

+VIN 

01 R2 
1K 

SOURCE 
CLAMP 

SINK 
DRIVE 

SINK 
GATE 

-VIN o--+-~I-+--+-~--+--+---+-+--{) ~~~TER 

SUBSTRATE & CASE 

Figure 14. The Schematic of the SG1629.Transistors 04 and 07 
are Designed for Two-Amp Operation. 

The Darlington sink transistor has its input brought out as a 
separate sink drive terminal which gives the user several driving 
options. In addition, the sink driving current can be gated by the 
use of 02, which has its own input terminal. The diodes D1 and 
D2 are high current rectifiers which provide the charging current 
for the external capacitor attached to the sink emitter terminal. 
The action of transistor 01 to gate the source transistor insures 
that there is negligible discharge current (less than 10mA) from 
the external capacitor during the off periods of the circuit. This 
allows the capacitor to be charged with very narrow drive pulses 
separated by relatively long off periods. 

The 8G1629 is packaged in both amulti-pin TO-66 power 
package and an a-pin minidip. Having no sensitive, low current 
circuitry, this device can be operated with a maximum junction 
temperature of 175°C which, coupled with a low 6JC thermal 
resistance of 5°CIW, gives the TO-66 package a 3 Watt capabil­
ity in free air and 10 Watts or more with some heat sinking. 
Because of the versatility of this device, it was felt that there may 
be applications for lower power requirements and thus the 
8G1629 will also be available in an a-pin ceramic minidip package 
which, of course, has a power dissipation of only aOOmW. With 
one pin less in the a-pin minidip package, the sink gate function 
is sacrificed. 
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APPLICATION NOTES - 8G1627/SG1629 

SG1629 APPLICATIONS 

The use of the SG1629 can best be demonstrated in an applica­
tion as shown in Figure 15 where two SG1629's are used to 
provide the drive signals for the power transistors in a 5 amp one­
half bridge switching supply. The drive transformer is shown with 
10 volt drive signals on the primary winding which, with a 2:1 
transformer turns ratio, provides a 5V peak signal on each half of 
the secondary. When the drive command is present on one 
secondary, it is translated into a constant current through the 
source transistor by the use of the sense resistor, Res' which in 
this case provides a constant 700mA into the base of the external 
NPN transistor. At the same time, the 20 microfarad external 
capacitor is being charged with a currentlhrough the rectifier in the 
SG1629 and the lower half of the secondary winding. While this 
is occurring, the opposite phase signal is being applied to the 
lower SG1629 circuit which serves to further enhance the charge 
on its external capacitor while maintaining the power switch in the 
off state. 

~~'VER ~ 'OT 

+10V 

'OT 
TO 
ORIVER 

SG1629 

~¢jj 
lOT 
lOT 

CORE E:1 Same SG1629 cirCUit 
as above 
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1.00 

+Vs 

'-- 0 7A. 2N6583 
2.0A N 

~ 
~ 
I _~ 
( 

2N6583 

2213P 3CB :1 
~--------------~ 

Figure 15. Use of the SG1629In a 5-Amp Half-Bridge Converter 

When the drive command terminates, the voltage at both ends of 
the secondary winding goes to zero. Since there is approximately 
-4V at the emitter of the sink transistor while its base is being 
driven through the external drive resistor, R., to zero volts, the sink 
transistor then immediately turns on and pulls a high current 1.2 
pulse out oflhe external transistor and through the capacitor. This 
current, of course, only flows as long as it is available from the 
stored charge within the base of the external transistor as the 
source has been gated off. After that charge is depleted, the sink 
transistor remains on insuring a negative reverse voltage at the 
base of the switch transistor. 

The performance of the SG1629 can be illustrated by the wave­
form photographs in Figures 16 through 18. In figure 16, the 
command signal from one channel of the control circuitry and the 
waveform of the drive transformer primary voltage are shown. 
The voltage on the secondary winding, referenced to the center-

tap and the power transistor emitter, is pictured in Figure 17. Also 
shown in this photograph is the input voltage at the base of the 
external NPN transistor. Note that at the very first portion of this 
waveform, when ,the opposite side is on, there is an additional 
negative charge supplied to the capacitor so that we have a 
maximum reverse base-to-emittervoltage of close to -4V. During 
the off time, the action of the sink transistor maintains a negative 
voltage bias of approximately -3V on the base of the power 
transistor. When the drive command is given to turn on, the base 
voltage goes positive to the 0.7 or so volts necessary to turn it on 
and at turn-off, goes negative again. The important action is 
shown in Figure 18 which pictures the actual base current of the 
power transistor with a scale of one amp per division. Both the 
constant turn-on 1.1 of about 3/4 amp and the peak 1.2 of close to 
-2amps can be seen along with the collector voltage waveform 
with a 5amp resistive load. Remembering that the time base of all 
these waveform photographs is 5 microseconds per division, one 
can see approximately one microsecond delay between the turn­
off signal at the base and the actual turn-off of the collector of the 
output transistor. Although this turn-off response is primarily a 
function of the transistor design, it is safe to say that any power 
switching transistor should perform faster with this form of base 
drive. 

1~~ __ ~~ __ ~~ __ +-++ __ +--+~ 

20~~~r-~~--+--+-++--r--~1~ 

10 t--t-tF--F-1-F-rl--H't--t-t41 
I 

TIME BASE: 5,L5EC/DIVISION 
UPPER TRACE: P.W.M. CONTROL SIGNAL 
LOWER TRACE: DRIVE TRANSFORMER PRIMARY 

Figure 16. Input Control to the Drive Transformer 
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'J" ~ 

01----+--11--+-1---1---+--11+--+--+--1 

TIME BASE: 5"sEC/DIVlSION 
UPPER TRACE: DRIVE TRANSFORMER SECONDARY 
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Figure 17. The Base Voltage Delivered to the External Power 
Switching Transistor by the SG1629 
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Figure 1 B. Base Current and Collector Voltage of the External 
Switching Transistor 

Note that one can also see in the collector waveform a soft knee 
at turn-on where the power transistor is not saturated instantane­
ously. This is partially because ofthe turn-on characteristics ofthe 
transistor and partially because of the finite rise time of the base 
current through the driving circuitry. The rise time is primarily a 
function of the leakage inductance of the drive transformer which 
opposes a sudden change in currentfrom zero to maximum value. 
It is an exercise in transformer design to configure the transformer 
to minimize to the greatest extent possible the leakage induc­
tance. This can be done with a minimum number of turns and a 
maximum coupling between turns. In the illustration, a ferrite pot 
core of approximately 3/4" in diameter was used to configure the 
drive transformer. More will be said about turn-on rise time later, 
butfirst let's discuss one additional characteristic of concern in the 
turn-off circuitry: The operation with very narrow pulse command. 

Since the charge on the external capaCitor is developed during the 
turn-on command, narrow pulse widths accomplish the transfer of 
a minimum amount of energy. As the drive command pulse widths 
get narrower, there is a point where the voltage on the external 
capaCitor begins to fall off. With the circuit components as shown 
earlier, this loss of 162 occurs at approximately 2 miscrosecond 
pulse widths. Figure 19 shows the base current and collector 
voltage waveforms at narrow pulse widths where the 162 has 
diminished from 2amps down to approximately 3/4 of an amp. 
Further reductions in pulse width bring the 162 current ultimately to 
zero. This characteristic is, of course, a function of the time 
constants in the total circuit and some compromise or optimization 
can be achieved by appropriate selection of capacitor values and 
secondary drive voltages. 

The above circuit incorporated constant current drive which is an 
advantage ilthe load current happens to be relatively constant but 
in many applications this is not the case. The SG1629 may also 
be used to provide a base drive proportional to load demand by 
adding an anti-saturation clamp diode as shown in Figure 20. With 

lA r--r--~~--.---r--r--'-~--'--' 

o I--I--I-+~/f-tt\ +-+--+--1----1 
V 

-IA ~-+--+--+--4---~-+--+--+--4---1 

10V A 

5V f--I V' +--l---+-+--+-++-+ 1--+---1--lV 
V 

TIME BASE, 5!'SEC/DiVISION 
UPPER TRACE: TRANSISTOR 8ASE CURRENT 
LOWER TRACE: COLLECTOR VOLTAGE WITH Rl =20 

Figure 19. Operation With Narrow Pulse Widths 

the current sense terminals shorted, there are two V 6E voltage 
drops between the clamp and the source emitter terminals. 
Therefore, the clamp diode Dl will hold the collector on voltage to 
approximately one diode drop above the base. This will keep the 
switching transistor right atthe threshold of saturation, regardless 
of load current variations. 

ANTI-SA TURATION CLAMP 

D1 

Figure 20. Use of the SG1629 in a Load-Dependent 
Drive Configuration 

IMPROVING TURN-ON RESPONSE 

In applications where maximizing base current rise time is impor­
tant and secondary transformer inductance is a significant consid­
eration, the use olthe gating functions in the SG1629 can provide 
significant benefits. Figure 21 shows the addition of an external 
transistor 01 to drive the sink transistor's gate circuit. To explain 
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Figure 21. Improving Base Current Turn-On Rise Time 

the operation of this circuit, note that the sink transistor's base 
drive is now being generated with He connected to the common or 
center tap of the drive transformer secondary instead of the 
negative inputlerminal. This is essentially zero volts and since the 
emitter ofthe sink transistor is attached to the capacitor which has 
a negative voltage on it, the sink transistor would normally PE:! on 
continuously. Transistor 01 is selected as a relatively slow non­
gold-doped transistor which has a finite storage time. Its action is 
to turn the sink transistor off during the drive command signals, but 
to delay that offsignal for some increment in time. Note that before 
the commencement of a drive command, the sink transistor is on 
by the action of Re' Transistor 01 is also saturated by its base 
resistor being connected to the end of the transformer which is 
also at zero volts prior to the command signal. 

When the drive command is initiated, current begins to build up in 
the secondary circuit and the first flow of current is through the 
source transistor, through the current limiting resistor, down 
through the sink transistor which is still conducting, and back to 
the negative terminal on the transformer secondary. The switch­
ing transistor is still back-biased while this occurs. Because the 
input to transistor 01 is now at a negative voltage, it turns off, but 
since it has a finite storage time, that time is used to delay the rise 
of the input to the sink gate. Additional delay can be added with 
a small capacitor at the sink gate input terminal. When the input 
to the sink gate goes high, its output goes low, forcing the sink . 
transistor to turn off. Since the source current is already flowing, 
turn-off of the sink diverts that current to the base of the output 
transistor producing base currents in 01 with rise times of less 
than 100 nanoseconds. 

When the action is reversed at turn-off, there is negligible increase 
in delay time between the turn-off signal and the actual turn on of 
the sink transistor. Thjs is because 01 is the only device with a 
long storage time and it is turning on so storage is not a factor ... 

Another method of spreading up the rise time of current into the 
base is the use of some reactive components to differentiate the 
drive current signal. A simple approach is a capacitor by-pass 
around the current sen'se resistor, Rsc' providing an initial boost 
in turn-on current. 

GETTING IT ALL TOGETHER 

The overall simplifications which Silicon General has offered to 
the design of switch mode power converters can best be illus­
trated by Figure 22 which shows the total command signal flow 
from the feedback error information to the output of a high current 
half-bridge regulating inverter. The SG1524 was designed to 
provide all of a switching regulator's P.W.M. control signals with 
the only external components required being the divider resistors 
to interface with the error amplifier, the overall loop compensation 
network, and the resistor and capacitor to set the operating 
frequency. The SG1524drivesthe SG1627 directly which, inturn, 
provides the signal conditioning to develop the drive and reset 
commands to an interstage drive transformer. The secondary 
windings of that drive transformer are directly coupled into a pair 
of SG1629 floating drivers which are then used to command the 
external 5amp switching transistors which form the high power 
output stage of the power supply. 

Figure 22. Three IC Types Form a Major Portion of the Control 
Electronics for a Switch-Mode Half-Bridge Converter. 

These circuits have all been designed to offer a maximum degree 
of flexibility while incorporating what would otherwise be a sub­
stantial amount of discrete circuitry. 

Thus, all these new IC's greatly ease the design and manufactur­
ing problems typically inherent in switching 'power supplies and, 
at the same time, provide greater repeatability and reliability at 
significantly reduced costs. 
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INTRODUCTION 

You can use the SG3635 driver IC in a wide range of applications, 
ranging from a switched-mode motor-speed controlier to a data­
communications line driver. The device's input configuration 

simplifies interfacing between low-level circuitry (eg, allP or logic 
blocks) and the high-power load. And its output stage (see 

"Anatomy of a driver IC), capable of driving 40V, 2A loads with 
peaks as high as 5A (including reactive loads), provides sinking 

and sourcing capability as well as commutation diodes. 

CONTROL MOTOR SPEED WITH MINIMUM PARTS COUNT 

Fig 1 shows one application of the device in a self-clocking 
switched-mode speed-control loop. The mechanically coupled 
tachometer detects the motor's speed; its output, scaled and 

NOTES· 
MOTOR- TACHOMETER 
GLOBE MODEL 397A120-2 
12V MOTOR; 3V/l000-RPM TACH 
.. =1% FILM RESISTOR 

Figure 1. Used in a Closed-Loop Configuration, the SG3635 Self­
Clocking Driver IC Controls Motor Speed in Proportion to 0 to 10 

V Input. The Comparator Weighs the Tachometer's Output 
Against the Input Setting, Then Commands the SG3635 to Either 

Speed up or Slow Down the Motor 

January 1990 

filtered by the RC network, drives the 311 comparator, which 
compares the output with the speed-setting input and biases the 

SG3635 to complete the loop. 

When the motor slows down, the SG3635's output, switches on 

(Fig 2, trace A), forcing current into the motor (trace B) until the 
comparator's inputs balance. Under these conditions, the circuit 
oscillates in a controlled manner around setpoint. The 1 O-kg, 0.1-

IlF pair provides positive ac feedback to ensure clean transitions. 

A 

B 

'-" 

Ir 
r 

~ 

I 

TRACE 
A 
B 

I\-

If' 

~ 

I 

HORIZONTAL 
5mSEC/OIV 
5mSEC/OIV 

I'-~ 
oR 

I 

If' 

Figure 2. Switching on in Discrete Increments (trace A), Fig 1's 
Driver IC Forces Current (traces B) into the Motor to Speed it up. 

Upon Reaching Equilibrium, the Circuit Oscillates Around the 
Setpoint 
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The 3.3-kQ resistor from the comparator's offset pin to the 15V 
supply provides enough offset to prevent motor turn-on with a OV 
speed setting. In this application the driver only sources current: 
The sink transistor is never enabled. You could turn the sink 
device on to dynamically brake the motor, but the motor's back 
EMF would cause considerable power dissipation. The back 
EMF appears after the initial inductive spike (clamped by the 
internal commutation diode), which appears when the IC's output 
switches LOW. 

IC's HIGH-CURRENT OUTPUT YIELDS FAST 
MOTOR REVERSAL 

What about motor-reversing capability? Fig 3's single-supply 
circuit uses two SG3635s in a bridge configuration. The flip flop 
generates the necessary complementary instructions to the ICs' 
Enable inputs. In this example, the SG3635s' Pulse inputs are 
grounded; you could instead pulse-width modulate them to con­
trol motor speed. 

20V 

ccw 
NOTES: 
MOTOR=CUFTON 
PRECISION PRODUCTS 
MODEL 13 

20V 

cw 

PWM INPUTS (GROUND 
FOR FULL POWER) 

Figure 3. This Push/Pull Bridge Configuration Allows Two Driver 
IC's to Provide Bidirectional Motor Drive. A Command to the Flip 
Flop's Clock Input Causes Instantaneous Reversal. Ground the 

SG3635's Pulse Inputs for Full Speed; Apply a Pulse-Width­
Modulated Input to Control the Speed 

Fig 3's circuit is a good test of the IC's peak current capabilities, 
because motors present a very difficult load during instantaneous 
reversal. Fig 4, trace A shows the current; traces Band C 
represent the SG3635's voltage outputs. The motor draws 
200mA during a reversal because of the armature's stored en­
ergy. 
Servoed motor makes position clear 

In addition to controlling speed and direction, you can use the 
SG3635 in a simple circuit to control a shaft's position (Fig 5). In 
this configuration, the motor drives a mechanical scanner in either 
direction between a set of programmed limits. The driver IC's 
ground pin is biased at -15V, allowing the device's output to swing 
symmetrically about OV. 

The 5-kQ pickoff potentiometer detects the scanner's position, 
then trips a pair of limit comparators; these comparators in turn 
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Figure 4. Large Peak·Reversal Current in Fig 3's Motor is Evident 
In Trace A. Traces Band C Showthe Drivers' Output Reversal; the 

Outputs Handle the 3A Motor Peaks Cleanly 
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Figure 5. Control a Shaft's Angular with This Servo-Loop Circuit. . 
Select the Position by Applying Limits to the Comparator Inputs. 

The Circu~ Uses Supplies Shifted 15V Negative to Provide a 
Ground-Level Bipolar Output to the Motor 

bias the RS flip flop that controls the SG3635. To provide logic 
level compatibility with the driver, the flip flop uses OVand -15V 
supplies instead of the usual +15V and OV configuration. This 
circuit forces the scanner to run continuously between the limits 
defined by the V LIMIT inputs. You could control speed by summing 
pulse-width modulated signals at the comparator inputs or by 
gating the SG3635's inputs. 

DRIVE LONG CABLES WITH TOTAL DATA RECOVERY 

You can also use the driver IC in applications other then motor 
control. Consider, for example, the problem of driving long cables 
at high data rates - a difficult task because of the rapid buildup of 
parasitiC capacitance with increasing cable length. In a remote 
data-monitoring application, for instance, a 10,OOO-ft cable dis­
plays O.1-f..IF capacitance - a brutal load at high speed, making 
receiver-end data recovery difficult. 
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Fig 6's circuit provides the drive for this difficult load: the V/F 
converter presents a serial, 1 OO-kHz square-wave data format to 
the SG3635 .. The driver's output (Fig 7, trace A) - somewhat 
distorted because of the load - drives the line. Trace B shows the 
IC's output current: The 5A peaks at the waveforms's edges 
clearly reflect the heavy capacitance. 

The square wave's distortion is relatively minor, allowing easy 
data recovery. The 311 comparator uses a simple RC network to 
set an adaptive amplitude threshold against which to compare the 
line output. Because the threshold is derived from the signal, 
power-supply shifts produce no undesirable effects. 

Figure 6. Driving a Brutal Capacitive Load Presents Little Problem to 
the SG3635 Driver. In This Circuit, the IC Drives a 10,000 ft Data­
Communications Cable Having O.lIlF Capacitance. The Driver 
Transmits Serial lOa-kHz Data to the Recieving Comparator. 
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8 200V/DIV 500 nSEC/DIV 
C 3A!DIV 500 nSEC/DIV 
D 5V/DIV 500 nSEC/DIV 
E 200V/DIV 500 nSEC/DIV 
F 3A/DIV 500 nSEC/DIV 

Figure 7. The Effects of Fig 6's Gluttonous Capacitive Load are 
Evident in Traces A and B. The 10,000 ft. Line Absorbs SA 
Current Peaks During the IC's Switching Transitions. The 
Recieving-End Comparator Uses an Adaptive Amplitude 

Threshold to Produce a Clean Output. 

APPLiCATION NOTES - SG3635 

VALVE-CONTROL CIRCUIT MAINTAINS CONSTANT pH 

In another nonmotor-related application, you can use the SG3635 
in conjunction with a pH probe as a 3-mode controller (Fig 8). The 
FET op amp unloads the probe and routes the signal - via an RC 
filter - to the two comparators. The comparators, configured as a 
double-ended limit detector, bias the SG3635; the IC then drives 
valves that fed either acidic or basic solutions to the chemical 
vessel. 

'OK 

"V 

NOlES: 
pH PROBE=INGOLD "'ODEl 460-35 
.""'~ FILlA RESISTOR 
"VAL\lES=HUM'PHREY MODEL T062EI 

Figure 6. Regulate a Chemical Solution's Acidity with this 3-mode 
Controller Circuit. The SG3635 Drives the Valves that add Either 

Acidic or Basic Solution to the Bath. Set the Desired pH with 
Potentiometer-Determined Comparator Limits. . 

If pH is correct, both comparator's outputs remain HIGH and 
neither valve energizes: The appropriate LOW-switching com­
parator redresses eventual pH imbalance by turning the neces­
sary valve on. 

In a final example of the driver IC's versatility, consider its use as 
a high power-transistor driver. Driving these devices at high 
speed requires active turn-off techniques to sweep charges from 
the base-emitter junction. Moreover, many high-voltage power 
transistors need negative base bias to guarantee breakdown 
ratings. 

Assume, for example, the use of unipolar base drive (Fig 9a) for 
a high-power 2N6308. Fig 10, trace A shows the transistor's base 
waveform; traces Band C display collector voltage and current, 
respectively. Because the base drive is unipolar, the collector 
turns off slowly: Voltage and current require about 1.5J.1seC to 
settle. What's more, the transistor dissipates considerable power 
during turnoff, increasing its vulnerability to secondary break­
down. Inductive loads (eg, flybacktransformers) can exacerbate 
the situation. 

The solution? Fig 9b's circuit uses an SG3635 to provide bipolar 
base drive, thereby shortening turn-off time. The 311 compara­
tor shifts the TLL-command level to bias the driver'S Enable input; 
shifting is necessary because the SG3635's ground pin is re­
turned to -15V. The 25Q resistor to ground limits the transistor's 
reverse bias. Traces D, E and F show the 2N6308's base voltage 
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and collector voltage and current, respectively - you can see that 
collector turn-off time decreases to 200nsec, greatly reducing the 
likelihood of secondary breakdown. 

(a) 

10VJl 

OV 
ZO=500 

-=-15V 

200V 
2.2JF 

+~ 

OUTPUT 

Figure 9. Using Unipolar Base Drive (a) for a High-Power Transis­
tor can Result in Slow Collector Turn-Off. A Bipolar-Drive Circuit 
(b) Shortens Turn·Off Time Considerably by Sweeping out Base­
Emitter Change. Moreover, the Negative Base Bias Improves the 

Transistor's Breakdown Characteristics 

ANATOMY OF A DRIVER Ie 

Figure 11 (8) shows the SG3635 driver IC's internal organization. 
The main consideraiion in the IC's design is to make logic-Ievel/ 
power-load interfaCing as straightforward as possible. The logic­
compatible Enable and Pulse inputs operate according to the truth 
table shown: Accepting drive from 74C Series circuits operating 
at 1 OV or more, they're compatible with all TLL forms except 54L. 
You can allow the inputs to float to the HIGH state, but you must 
force them to ground to produce ZERO. 

Negative supply voltages are permissible at the ground pin, but 
you must restrict the chip's total rail-to-rail voltage to 40V. The 
internal regulator stabilizes the IC against supply variations; the 
level-shift and interlock features provide proper drive levels and 
prevent simultaneous output-device conduction. The output 
sinks or sources 2A continuously (5A pk) with ±40Voutput swing; 
the commutating diodes handle 5A pk. Finally, the thermal­
shutdown circuit disables the upper output device if chip tempera­
ture exceeds 160°C. 

Why the interlock circuitry? It's important to prevent simultaneous 
conduction of a source/sink pair's devices (b). This condition 
usually arises during switching, when the respective devices are 
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Figure 10. Dramatic Turn-Off-Time Differences Between Unipolar­
and Bipolar-Base-Drive Circuits (Figs 9a and 9b) are Evident in 
This Photo. Long Collector-Voltage (trace B) and -Current (trace 
C) ON-to-OFF Transitions Result From the Unipolar Drive (trace 
A); the Bipolar Driye (trace D) Increases Turn-Off Speed More 

Than Sevenfold. 
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ENABLE 
INPUT ~~-",---,/ 

OUTPUT 

~~~G~ ~--~:'V......,..---------~ 
ENABLE PULSE GND 

1 1 
o 1 
1 0 
o 0 

(b) 

'POTENTIALLY DESTRUCTIVE 
-V SIMULTANEOUS CONDUCTIVE PATH 

Figure 11. Providing Logic-to-Power-Drive Translation, the 
SG3635 (a) contains both low and high-level circuitry. The 

interlock circuitry-an important feature-allows only one power de­
vice to conduct at a time, thus avoiding transitional power-supply 

short circuits (b) An IC without the interlock can produce large 
current pulses (e) during switching. A test circuit (d) verifies the 
IC's interlock circuitry; (e) shows no common current flows in the 

output devices during switching. 

interchanging OFF and ON states. During this Interval, substan­
tial supply current flows through both devices, effectively shorting 
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the supplies. A common approach to alleviating the problem is (d) 
to make the stage switch quickly, minimizing concurrent ON SCOPE 

time. ~Dooo 
The widely used 555 timer furnishes this simple solution. How-

14 .~ t~O ever, it still generates considerable supply glitches (c). Trace PULSE~ 
INPUT 3 Q 

B shows the large supply-current spike the IC's output pair pro- D 2 E 
2 20W 

duces when switching (trace A). Such a current spike, in con- 74C74 SG36~~. -!-
UP 4 -

junction with a supply bus's impedance, can result in unaccept- 5 -
Q 

able system noise or device destruction. 

-=- 3~ TEKTRONIX MODEL P6016/131 

(c) CURRENT PROBE 

NOTES: 
RETURN SG3635 LOAD AND GROUND-PIN LEADS SEPARATELY TO SUPPLY 

r- (e) 

1\ A - r\ V \ \1\ "- A -
B 

" 
\ r I""-

B j 

TRACE I VERTICAL I HORIZONTAL 
A I~ 20V /DIV vI200nSEC/DIV 

C 

B 500mA/DIV 200nSEC/DIV 

The SG3635's interlock circuitry ensures complete turn-off of one TRACE I VERTICAL I HORIZONTAL 

output device before the other begins to turn on. This provision A 1.10V/DIV 11200nSEC/DIV 
eliminates supply shorts during switching, even when controlling B 20V/OIV 200nSEC/DIV 

C 100mA/DIV 200nSEC/DIV 
high power. To verify this section, use the figure's test circuit (d). 
Part (e), trace A shows one phase (Q) olthe 7 4C7 4's output; trace 
b depicts the driver's output. 

When Q switches LOW, the SG3635 unclamps its sink transistor, 
then allows the source device to turn on. The reverse holds true 
when Q switches HIGH. These intentional turn-on delays account 

forthe 200-nsec output-timing skew. Note in trace C - the ground-
pin-current - that no current ever flows directly through the source/ 

sink pair. 

• 
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SIMPLIFIED HIGH-EFFICIENCY MOTOR DRIVE SYSTEMS 
WITH NEW PWM INTEGRATED CIRCUITS 

Edited by Stan Dendinger 
Manager, Advanced Product Development 

Silicon General, Inc. 

ABSTRACT 

This paper describes a new pulse width modulator circuit designed specifically for DC motor control. 
I! provides a bi-directional pulse train output in response to the magnitude and polarity of an analog error 
signal input. The device is useful as the control element in motor-driven servo systems for precision 
positioning and speed control, as well as in audio modulators and amplifiers using carrier frequencies 
to 350kHz. 

INTRODUCTION 

Power management engineers have been aware for a number of 
years of the efficiency advantages of switching power supplies 
over linear designs. In response to growing production of switch­
ers, the semiconductor industry has spawned a number of pulse 
width modulator (PWM) integrated circuits of varying degrees of 
complexity for the control of these power supplies. 

Perceptive designers soon realized that the same efficiency 
advantages apply to motor control. Unfortunately, when they 
attempted to utilize existing PWM circuits, they found that the 
architecture was not optimized for motor control. so many 
auxiliary components had to be added to work around the restric­
tions of the PWM circuit that totally discrete designs were fre­
quently found to be more economical. 

The main difficulty has been that PWM controllers for switching 
power supplies were designed to be one quadrant power condi­
tioners; i.e., the polarity of DC output voltage is fixed and propor­
tional to a unipolar reference voltage. A second difficulty has been 
that power supply controllers attempt to produce an AC waveform 
of variable energy content, since power must be transferred 
through a high frequency transformer. This requires that PWM 
pulses alternate from side to side with a dual-driver architecture. 

The requirements for PWM motor control are different: The 
integrated pulse train must have a DC component proportional to 
the magnitude of the applied reference voltage, and a polarity 
determined by the sign of the reference to accomplish bi-direc-

January 1990 

tional rotation. All of the necessary control elements for two 
quadrant operation are found in the PWM circuit to be described, 
which is designated the SG1731. 

'''s0-------

",0-----:---------, 

c, 0--+----+-

2V~_U-_.""" 

-~o_---------r_~ 

r 
SUBSTRATE SHUTDOWN 

Figure 1. SG1731 Block Diagram 

BLOCK DIAGRAM 

The SG1731 contains a triangle waveform oscillator, a wideband 
operational amplifier for error voltage generation, a summing! 
scaling network for level-shifting the oscillator waveform, exter­
nally programmable PWM comparators, and dual ±100mA, ±32 
volt totem pole drivers with commutating diodes for full bridge 
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output drive. A TTL-compatible SHUTDOWN terminal forces the 
output drivers into a floating high-impedance state when driven 
LOW. Supply voltage to the circuit may be either from dual 
positive and negative supplies, or single-ended. 

PULSE WIDTH MODULATION 

Pulse width modulation occurs by adding an error voltage to the 
triangle waveform, attenuating the resulting signal by a factor of 
2, and comparing it to threshold voltages +Vr and -Vr' which are 
applied to pins 1 and 8 respectively. Figure 2 illustrates the case 
for VI1.< +Vr . When the error voltage is zero, no threshold 
crossings occur, and the output drivers remain in the LOW state. 
If the error voltage is sufficiently positive, the upper threshold will 
be periodically crossed by the shifted triangle waveform and 
output driver A will switch to the HIGH state. As the error voltage 
becomes larger, the duty cycle of driver A will linearly increase 
towards 100%. The same action occurs at output driver B for 
negative error voltages. 

CASE A 
ZERO ERROR 

VOLTAGE 

CASE B 
POSITIVE ERROR 

VOLTAGE 

CASE C 
NEGA TlVE ERROR 

VOLTAGE 

+VT - - - - - - - - - - - - -

~+ ~ 
GND? 'S7 " 
-Vr - - - - - --- - - - - - -

OUTPUT A _____________ _ 

OUTPUT B _____________ _ 

+VT - 2fJs. -.2fts:. -
GND ,. 'V " 

-VT - - _1_1- ____ 1_1 __ _ 

OUTPUT A 

OUTPUT 8 --------------

+Vr - - - - - - - - - - - - -

Figure 2. Deadband Operation 

A motor connected across the full bridge formed by drivers A and 
B will receive a high frequency pulse train which, when integrated 
by the LR time constant of the armature, will result in a voltage 
drive proportional tothe magnitude ofthe error signal. The polarity 
of the drive signal will be the same as the polarity of the error 
voltage. 

APPLICATION NOTES - 8G1731 

With deadband operation, there is a small region around the null 
point of the servo loop where no power is applied to the motor. 
This conserves power, which may be desirable in some applica­
tions, but it also results in loss of both positioning accuracy and 
mechanical stiffness. 

The other possible mode of operation is shown in Figure 3, where 
V 11 .>V r' At the loop null point the motor still receives drive pulses, 
which provides resistance to armature movement by external 
forces. The integrated drive voltage is still zero, since the drive 
pulses alternate in polarity with identical pulse widths at the null 
point. 

CASE A 
ZERO ERROR 

VOLTAGE 

CASE B 
POSITIVE ERROR 

VOLTAGE 

:::--a-~-
7 1 1 VII " -Vr - - - - - - - - - - - - -

OUTPUT A 

OUTPUT 8 --------------

+Vr - - - - - - - - - - - - -

GND A A 
NEGA;~~~RROR -Vr - ~ - ~ ~ ~ -

VOLTAGE ~ - -l'V'r - -~ 
:~:~::~ H F 

Figure 3. Non-Deadband Operation 

This is the preferred mode of control in a missile fin actuator 
system where aerodynamic forces on the airfoil attempt to move 
the motor armature away from the null position. A second 
example where deadband operation is not desirable is a switch­
ing, or "Class D," audio amplifier. Cross-over distortion would be 
unacceptable, and poor speaker damping would also result. 

4_ OSCILLATOR CIRCUIT 

The triangle oscillator consists of two voltage comparators, a seV 
reset flip-flop, a bi-directional 500pA current source, and an 
external timing capacitor CT' A positive reference voltage applied 
to pin 2 (2V 11+) sets the peak value ofthe triangle., and a negative 
reference voltage at pin 7 (2VI1-) determines the valley of the 
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triangle. Normally the reference voltages are equal, so that a 
symmetrical waveform about ground results. 

+Vs 

Figure 4. SG1731 Oscillator Schematic 

Circuit operation is as follows: Transistors 06 and 09 form the set! 
reset flip-flop. Assume that 09 is conducting and 06 is off. The 
collector voltage of 09will be low compared to that of 06, resulting 
in 07 conducting and 08 being off. The current from the 500pA 
source will flow into CT and a positive voltage ramp will occur at pin 
6. When the voltage exceeds 2V M, the comparator formed by 01 
through 04 changes state, turning on 05. This removes base 
drive from 09 and the flip-flop will change state. The current­
steering transistor pair 07 and 08 now switch the 1 mA discharge 
current source onto the CT bus. Since the 500pA charging source 
is still active, the net discharge current out of CT is the difference 
of the two sources, or 500pA. Since monolithic construction allows 
close ratioing of current sources, the discharge rate will closely 
match the charge rate. When the voltage on CT falls below 2V I!J.­
, the comparator formed by 011 through 014 will reset the flip-flop 
and another charge cycle will begin. Since the values of the 
current sources are fixed at a nominal 500pA, the oscillator 
frequency may be calculated as follows: 

For a given capacity and current, 

or 

where 

.i!'L = _1_ 
dt C 

dt= _1- dV 
C 

dV 
I 
dt 
C 

v osc peak-to-peak 
500 !!A = 5 X 10.4 A 
1/2 Tosc (assuming symmetry) 
Variable 

Therefore 2CdV 
T osc = 2dt = 5 x 10" 

APPLICATION NOTES - SG1731 

The desired oscillator frequency can be obtained by first choos­
ing a peak-to-peak voltage for the triangle waveform, and then 
selecting the proper value of CT from Equation 3. 

As a design aid, the solutions to Equation 3 over the recom­

mended range of T osc and V osc are presented in graphical form 
in Figure 5. The lower limit on T osc is 2.85psec, corresponding to 
a maximum frequency of 350kHz. The maximum value of V osc' 
(2VM)-(2VI!J.-), is 10 volts peak-to-peak for linear waveforms. 

> 
I 

~ 10 

• 
~ 
< 
~ 

~ 
I 

~ 

! 
§ 

10 20 50 100 200 500 lms 2ms Sms 10ms 20ms 

OSCILLATOR PERIOD - me 

Figure 5. SG1731 Oscillator Period vs. Vesc and CT 

ERROR AMPLIFIER 

he error amplifier is a high slew rate unit designed for low input 
offset voltage and bias current under equilibrium conditions. It 
consists of two gain sections, with frequency compensation for 
unity closed-loop gain stability in the second stage. The first stage 
is formed by transistors 01 through 012. When the differential 
input voltage is zero, the emitter voltages of 02 and 03 are equal, 
and the collector currents of 05 and 06 are equal to a small 
fraction olthe collector current in 04 and 07. The value of current 
is set by current sources 09 and 010 and the two 5K emitter 

+Vs 

-Vs 

Figure 6. SG1731 Error Amp Schematic 
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resistors. Transistors 08, 011 and 012 form a compound current 
mirror which converts the full differential voltage gain of the input 
stage into a single-ended gain referred to -Vs' A Darlington gain 
stage formed by 018 and 020 provides the large voltage swing 
required for the amplifier output. When the differential input 
voltage is not zero, that voltage appears across the 5K resistors 
of the input stage, increasing the operating current. Simultane­
ously this increased current is sensed by 01 , and current supply 
to the output stage is increased proportionally. Since more 
current is available to charge the 30pF compensation capacitor, 
the amplifier output voltage slews at a much higher rate. When 
equilibrium is again reached, the bias currents return to their 
normal quiescent levels. 

As shown in Figure 7, the error amplifier is capable of excellent 
power bandwidth, Full output swing to 200kHz is available, with 
slew rates exceeding 15 volts/microsecond. These dynamic 
characteristics allow application to audio modulation circuits with 
very low transient distortion. 

15 
:> 
'( 
w 10 <.:> « 
f- 1\ 
-' 
0 5 > 
f-

±VS=±15VOLTS 'r--THD<5% 
::) a go 
::) 
0 

'" -5 
/'f!' 

« 
w 
a. 

-10 
Ij 

10 100 lK 10K lOOK 1M 

FREQUENCY-(Hz) 

Figure 7. Error Amp Power Bandwidth 
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Figure 8. Error Amp Open-Loop Frequency Response 

APPLICATION NOTES - SG1731 

The amplifier frequency-gain plot is a constant SdB/octave roll-off 
to unity gain, resulting both in unity· gain stability and good 
transient response. Typical DC voltage gain is 11 OdB into a 2K 
load, and unity gain crossover frequency is 1 megahertz. 

OUTPUT DRIVERS 

The output stage is a non-saturating quasi-complementary high 
current switch for efficient high frequency operation. Transistors 
03,04,05 and OS form a high voltage Schmitt trigger input stage. 
The positive feedback produces fast switching times and jitter­
free pulse width modulation. 07 and 09 provide output current 
sourcing, and 08, 010 and 011 provide currentsinking. Commu­
tation diodes D1 and D2 clamp inductive loads to the supply rails. 
Their current capability is the same as the output transistors: 
200mA peak. 

OUTPUT A 

FROM PMW -+--t::€=2~ COMPARATOR 

Figure 9. Half-Bridge Output Driver Schematic 

TYPICAL APPLICATIONS 

Simple Position Servo 

Asimple.low-voltage battery-powered position servo is illustrated 
in Figure 10. A resistive divider network sets up the reference 

SGl 1 

.--,--t--®'6 ""\Is Cr 6 

Figure 7. Error Amp Power Bandwidth 
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voltages for triangle waveform amplitude and PWM thresholds. 
Since the circuit is powered by battery, Vl!'. is designed to be less 
than +VT (deadband) to conserve power. The 9 volt DC motor is 
driven directly from the output drivers, and it in turn drives a 
position feedback potentiometer through a geartrain. The posi­
tion feedback voltage is subtracted from the external position 
command voltage in the on-chip error amplifier. The difference 
between commanded position and actual position generates an 
error voltage which in turn generates a series of PWM pulses to 
the motor to correct the difference. Once null has been reached, 
no further power is applied to the motor until a new position 
command voltage Is received, or the wiper is moved out of position 
by external forces. 

High Torque Position Servo 

Figure 11 illustrates a high power version of the previous position 
servo loop. The control circuit is powered from balanced positive 
and negative supply voltages, and the output drivers switch the 
load between ±32 volt supply rails for maximum output power. 
Complimentary emitter follower buffers on each output provide 
increased current gain and power handling capability. 

Figure 11. High Torque Position Servo 

Motor Speed Control 

In Figure 12, a bi-directional motor speed control circuit is derived 
from the previous circuit by substituting a tachometer for the 
position pot in the motorfeedback circuit. The external command 
voltage now represents a speed rather than a position, with 
direction of motor rotation a function of command voltage polarity. 
Magnetictape drives are an example ofthis configuration, with the 
velocity feedback voltage frequently derived from an encoded bit 
pattern on the tape. 

APPLICATION NOTES - SG1731 

Figure 12. High Torque Bi-Directional Motor Speed Control Circuit 

PWM Audio Power Amplifier 

A complete PWM power audio amplifier is illustrated in this last 
application. The circuit reconstructs an amplified version of the 
audio input voltage by deriving the feedback signal from the 
speaker voice coil. An oscillator frequency of 300kHz was chosen 
to maintain a ratio of at least 15 to 1 between the carrier frequency 
and the highest modulation frequency (20kHz). 

Ratios of at least 1 0 to 1 are necessary for acceptable linearity, low 
distortion and good transient response. An LC output filter 
smoothes the pulse width modulated output to the speaker; its 
deSign is critical for low distortion. This circuit, consisting of one 
integrated circuit and four power transistors, can deliver 150 watts 
RMS of power into a 40hm load. 

Figure 13. P.W.M. Audio Power Amplifier 

CONCLUSION 

A new pulse width modulator integrated circuit designed for motor 
control has been described which includes all the circuitry neces­
sary for implementing high efficiency bi-directional controllers. 
Inputs and outputs have been designed for maximum flexibility, 
allowing the device to be useful in a wide range of position and 
speed servo systems. 
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SIMPLIFY FEEDBACK CONTROLLERS WITH A 
2-QUADRANT PWM Ie 

A 2-Quadrant Pulse-Width-Modulator IC Eliminates Many of the Problems 
Arising With Unipolar Devices in Feedback-Control Applications. 

Stan Dendinger 
Manager, Advanced Product Development 

Silicon General, Inc. 

INTRODUCTION 

The SG1731 pulse-width modulator (PWM) IC brings to motor 
controllers and similar applications the efficiency previously lim­
ited to switching-power-supply circuitry. As a result, you can use 
it to design motor-controller circuits having parts counts smaller 
than previously achievable. 

Switching-power-supply PWM controllers are designed to be 1-
quadrant power conditioners, furnishing a dc output voltage with 
fixed polarity and amplitude proportional to a unipolar reference 
Voltage. Motor controllers, on the other hand, require an inte­
grated pulse train with a dc component proportional to the mag­
nitude of an applied reference voltage and polarity determined by 
the reference's sign. Otherwise, they can't produce bidirectional 
rotation. 

In addition, the architecture of power-supply PWM ICs often 
proves inappropriate for motor-control tasks, requiring so many 
auxiliary circuits that totally discrete designs often prove more 
economical. 

PWM power-supply controllers attempt to produce a variable­
energy-content ac waveform, because power must be transferred 
via a high-frequency transformer. Unlike those from a PWM motor 
control IC, the PWM pulses produced by these devices must 
alternate and are therefore produced by a dual-driver architec­
ture. 

Fig 1 shows the SG1731 's structure. The device contains a 
triangle-waveform oscillator whose frequency is determined by 

+Vo 
14 

+-+--+-+,,13 OUTPUT A 

+-+--+-+,,12 OUTPUT B 

Figure 1. A DC-Motor Pulse-Width-Modulator IC. The SG1731 features 50Hz to 350kHz oscillator range, 
adjustable deadband operation, a high-slew-rate error amplifier, a Shutdown input providing floating outputs, and 

dual 1 OOmA source/sink output drivers capable of operating from supplies to +32V. 
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an external capacitance at pin 6 and whose amplitude can be set 
through resistor or voltage programming at pins 2 and 7. The IC 
also contains a wide-band op amp for error voltage generation, a 
summing/scaling network for level-shifting the oscillator wave­
form, externally programmable PWM comparators and dual 
±100mA continuous (±200ma pk), ±32V totem-pole drivers with 
commutation diodes for full-bridge output drive. Typical supply 
voltages are ±15V, although the device can function at values as 
low as ±3.5V. You can use dual- or single-polarity supply 
voltages. Pin 15, the Shutdown terminal, forces the output drivers 
into high-impedance states when LOW. 

ERROR VOLTAGE CONTROLS PULSE-WIDTH 
MODULATION 

Pulse-width modulation occurs when an error voltage gets added 
to the triangle waveform, attenuating the resulting signal by a 
factor of two and comparing it with threshold voltages +Vr and -Vr 
(pins 1 and 8). Flg2illustratesthecaseforV <Vr When the error 
is OV, no threshold crossings occur, and the output drivers remain 
at -Yo (Fig 2a). As the error voltage goes positive, the upper 
threshold gets periodically crossed by the shifted waveform, and 
the output driver A switches to +V 0 (Fig 2b). As the error voltage 
becomes larger, the duty cycle of driver A increases linearly 
toward 100%. The same action occurs at output B (Fig 2c) for 
negative error voltages. 

A motor connected across the full bridge formed by drivers A and 

CASE A 
ZERO ERROR 

VOLTAGE 

CASE B 
POSITIVE ERROR 

VOLTAGE 

CASE C 
NEGATIVE ERROR 

VOLTAGE 

+VT - - - - - - --- - - --

~ /".." 
eND 7' "S7 "'" 
-VT - - - - - --- - - - - - -

OUTPUT A ______________ _ 

OUTPUT 8 ______________ _ 

+VT - z:rs:. -z:rs:. -
-, - , 
-VT - - _1_1- ____ 1_1_ ....:. _ 

OUTPUT A 

OUTPUT 8 ---------------

+Vr - -- - -- - -- --.....:...-

~:: :r:z:s;rz:s:; 
OUTPUT A ~L..-_---IR ~ 
OUTPUTS -. • 

Figure 2. With Oscillator Voltage Less Than Threshold Voltage, 
the SG1731 's Outputs Switch LOW to HIGH When the Error 

Voltage Shifts Oscillator Output Outside the Threshold 

APPLICATION NOTES - SG1731 

B receives a high-frequency pulse train. When integrated by the 
armature's L/R time constant, the pulse train results in a voltage 
drive proportional to the error signal's magnitude. Drive-signal 
and error-voltage polarities are identical. 

NO MOTOR POWER REQUIRED WITH 
DEADBAND OPERATION 

With this dead band operation, no motor power gets applied in a 
small region around the servo loop's null point. Although this 
action conserves power (deSirable in some applications), it results 
is a loss of both positioning accuracy and mechanical stiffness. 
Deadband operation is also not desirable in switching (Class D) 
audio amplifiers. There, crossover distortion is unacceptable and 
poor speaker damping results (see "Class 0 amplifiers for audio 
applications") . 

The other SG1731 mode of operation is shown in Fig 3, ~here V 
> Vr At the loop null point, the motor receives drive pulses that 
resist externally produced armature movement. The integrated 
drive voltage is OV with no error voltage (Fig 3a) because the drive 
pulses alternate in polarity and have identical widths at the null 
point. Figs 3b and 3c show the effects of error voltages on the 
oscillator signal. 

This is the preferred control mode in a missile-finactuator system, 
for example, where aerodynamic forces on the airfoil attempt to 
move the motor armature away from the null position. 

CASE A 
ZERO ERROR 

VOLTAGE 

CASE B 
POSITIVE ERROR 

VOLTAGE 

:::--6:---6:--
7 1 1 VII " -Vi - - - - - - - - - - - - -

OUTPUT A 

OUTPUT 8 --------------

+VT - - - - - - - - - - - --

eND A. A. 
N,e;;~ ,CRROR -VT _ ~.:\. =.7.... _.:\. -

VOLTAGE ~ - -l\VIr - -~ 
OUTPUT A .=1 R F 
OUTPUT B • • 

Figure 3. With Oscillator VoHage Greater Than Threshold Voltage 
in the SG 1731, Leck of a Deadband Provides Resistance to 

MotorMovement Caused by External Forces. 
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You can configure the SG1731 as a bidirectional motor-speed 
controller as shown in Fig 4, The motor specified runs directly 
from the device's outputs, and the tachometer produces an output 
directly proportional to the motor's speed and direction. This high­
level signal gets divided down and filtered by the discrete compo­
nents associated with the tachometer, then applied to the 
SG1731's error-amplifier input. The 1731 internally compares 
this signal with the speed-control input's value and provides 
output drive of the appropriate phase and magnitude, completing 
a speed-control loop. Set the comparator voltages for nondead­
band operation. The lowest rotation speed depends on the 
motor's friction characteristics. 

Instantaneous-direction-reversing applications might require an 
optional current-limiting circuit ratherthan ±15V applied directly to 
pins 11 and 14. Atthetime of direction reversing, the motor draws 
peak currents that could damage the 1731 's output drivers. O,'s 
ability to supply current is controlled by O;s state, which in turn 
depends on the voltage across the 4'-1 current-sensing resistor. If 
the motor current exceeds 200 to 250mA, O2 turns on and 0, 
shuts off. 

15V 

D~+ 16 

-=- 10K 

2 

2K 

-=-
8 

2K 
7 

10K 

D 9 

-=-

0.00151"F 

+~ 
-=-

14 
15V 

12 MOTOR-TACH 

SG1731 

11 

-15V 

3 

lOOK 

-10 TO 10 V 
SPEED-CONTROL INPUT 

APPLICATION NOTES - SG1731 

EXTEND CONTROL CAPABILITY WITH HIGH·CURRENT 
DRIVERS 

Another bidirectional speed-control loop appears in Fig 5. Here, 
SG1635 drivers control higher motor power and eliminate the 
need for a speed-monitoring tachometer; instead, back EMF 
produced by the motor serves as a feedback signal. This 
arrangement entails some increase in circuit complexity but 
eliminates the tachometer's cost. 

The circuit's basic servo mode is similar to that of Fig 4. The 311 
comparator (IC,) senses the polarity ofthe input command signal. 
Its output goes to the 1635s via a diode and inverter, allowing both 
1635s to be OFF, neither sinking no sourcing current, when the 
1731 is not producing output pulses. Fig 6 shows the circuit 
waveforms. When either 1731 output is HIGH, the other output is 
LOW, and the motor is driven. When both outputs are LOW, the 
1635s are OFF and the motor is electrically floating. 

The motor's inductive turn-off spike gets damped by the 1635s' 
internal diodes. After turn-off, the waveform returns to a dc level 

10 

15V 

lK 
2jJ.F 

0+ 01 

-=- 10 

-15V 

NOTES: 
MOTOR-TACH: 
CANON 
CKT-26-TS-3SAE 

-=-
+~ 

10 PIN 11 SG1731 

4 OPTIONAL 
CURRENT 
LIMIT 
~250mA 

Figure 4. In This Bidirectional Motor-Speed Controller, the Tachometer Provides Feedback While the Current-Limiting Circuit 
Protects the Outputs From Surge Currents. 
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APPLICATION NOTES - SG1731 

determined by the back EMF ofthe undriven motor, now function­
ing as a tachometer. This level gets differentially picked off by the 
301 A op amp (le3) , whose output feeds a switched synchronous 
filter. This filter, composed of the FET and the 100-kQ/O.01-IlF 
combination, samples the back-EMF value during the motor's 
powered interval. 

A 311 (lez) gates the FET switch synchronously with the 1731 's 
output. The diode-Re network feeding lez allows either output to 
actuate the filter. The 1 O-kQ/O.02-IlF network's decay time length 
(Fig 6, trace D) ensures that the FET drive (trace E) remains OFF 
until well after the inductive spike has settled out. 

The pure dc filter output feeds back to the 1731 's amplifier to 
complete the speed-control loop. The zener-diode bridge clamps 
all inputs above approximately ±10V; otherwise the 1731's out­
puts would saturate at dc and the switched feedback loop would 
never operate. 

Another SG1731 application appears in Fig 7. Here, two 1731 's 
bidirectionally control the speed and shaft position of a printed­
circuit-type motor. 

The shaft position gets sensed at the output of a geardown 
transmission. Slave the 1731 s together to avoid producing 
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2K SG1731 

2K 

2K 

10K nF 
-15V 

-10 TO 10V 
SPEED-CONTROL 

INPUT 

12 

13 

10K 

15V 

-
A IU l.[ --B II 

C 

.......... t"'-"""" 
I' D 

E r--
~ 

TRACE VERTICAL HORIZONTAL 
A 5V/DIV 200,uSEC/DIV 
B 20V/DIV 200,uSEC/DIV 
C 10V/DIV 200,uSEC/DIV 
D 20V/DIV 200,uSEC/DIV 
E 20V/DIV 200,usEC/DIV 

Figure 6. Waveforms for Fig 5's Tachless Controller Include the 
Controller's Outputs (traces B and C) and the Voltage Across the 
motor (trace A). The t O-kQ/O.02[AF Network's Decay Time (trace 

D) Ensures that the FET Drive (trace E) Remains off Until After 
the Inductive Spike has Settled out. 

NOTES: 
MOTOR-CLIFTON PRECISION PRODUCTS-TYPE 13 
ALL DlODES-1N4148 EXCEPT Z1. IN1960, 10V 
SG1635 PINS LISTED FOR TO-220 CASE 

Figure 5. A tachless controller based on the 1731 uses motor back EMF and some additional parts to reduce overall cost. 
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frequency beating from separate oscillators; take the triangle 
waveform of SG1731 A through a 301 A follower and use the output 
to drive the capacitor pin of SG1731 B' This is an effective way to 
slave 1731s together because the follower's low-impedance 
output overrides whatever state the unbiased internal oscillator of 
SG1731 B might take. Control the shaft position by sensing it with 
a potentiometer that feeds a signal back to SG1731 A' This signal 
then gets compared with the Position input, and the outputs of 
SG1731 A drive the shaft to the position required to balance the 
error amplifier's inputs. 

SG1731 B functions in a speed-control loop similar to that de­
scribed in Fig 4. It controls speed by using its output pins, via a 
diode OR gate, to pulse-width-modulate SG1731 A's Shutdown 
pin. The 311 comparator prevents either SG1731 B output from 
going LOW on a dc basis by synchronously gating signals into the 
device's output comparators, forcing the appropriate output 
HIGH. 

NOTES: 
MOTOR~PMI U9M2 (PC TYPE) 
TACHOMETER-BECKMAN 1025-7-011 
ALL DIODES-1N4148 ,-_______ ~ 

'5V 
+f-l15J.LF 

2J<F '6 ,---=---, 

~1+0K '4 
25V ,5V 

2K 

'3 
2K SG1731 A 

2K 

2K 

'2 

POSITION ~~~l..---L-... GEAR DOWN 
SENSOR ~100:1 

'5V 

4.7K 

APPLICATION NOTES - SG1731 

Consider SG1731 A to be a position seNO; SG1731;s controls 
how quickly the position is acquired. Deadzone control results 
from voltage-modulating SG1731 B'S comparator thresholds. 

Fan-temperature control safeguards instruments 

You can also use a 1731 to control a fan motor's speed, regulating 
instrumenttemperature and extending fan life (Fig 8). At least one 
oscilloscope manufacturer uses this approach, and it has also 
found use in several military applications. 

When power is applied, the thermistor, located near the fan, has 
a high resistive value. This condition unbalances the amplifier­
driven bridge, sending pin 12 LOW. Q, and the fan motor are off. 
But as the instrument warms, thermistor resistance decreases, 
producing PWM signals at pin 12 and turning Q, and the fan motor 
on. 

15V 16 

2.7K 

2.7K 

SG1731 S 

SPEED 
INPUT 

'4 
25V 

-15V 

Figure 7. In this bidirectional motor - speed - controller / positioner application. 
SG1731 A acts as a position servo, while SG1731 8 controls speed. 
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APPLICATION NOTES - SG1731 

THERMAL 
FEEDBACK 

163KO AT 100°F 
(380C)- TURN-ON 

101KO AT 120°F 
(4goC)-FULL -ON 

n~F --r-'--r.----r;;:-----r.f""---' 
-15V 

20K* 

NOTES: 
'=1% RN60 FILM 

ANALOG OUT 
-8.5V=FAN FULL-ON 
-10V=520C 

FAN MOTOR=SERVO-TEK #SA-61S5B-24 
RrHERMISTOR=YELLOW SPRINGS INSTRUMENTS #44014 

Figure 8. A Fan-Temperature Controller's Error-Amplifier Output (pin 5) Warns of an Overtemperature Condition 

NOTES: 

1K' 

SEE TABLE { 
FOR 

SETPOINT 
VALUES 

AD524 - ANALOG DEVICES INC 
LED's· HEWLETT PACKARD 

RED - HLMP0301 
GREEN - HLMP0401 

5V 

PELTIER COOLER - CAMBION #801-2003-01-00.00 
* - ULTRONIX 1 OSA 0.05% 
~ - ESl DS1463 1000@5-DECADERESISTOR 
- - ROSEMONT ENGENEERING TYPE 118ME 

THERMAL FEEDBACK r--------------------, 
/ O.~015,uF \ 

/ 15V!--:L \ 
/~ 7 \ r' 16 \ 

/ -=- 10K 14 15V \ 

/ . \ 

2K SG1731 

2K 

2K 12 

10K nF 
-15V 

" 

Figure 9. A Well-Insulated Peltier Cooler With Good Heat Removal on its Normally Hot Side Specs Stability Better Than O.02·C typo 
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ELIMINATE SERVO HUNTING WITH LONG TIME 
CONSTANTS 

The 100-/-lF capacitor determines the time constant across the 
error amplifier; a short lime constant produces audibly annoying 
hunting in the servo. The 501.'2 resistor limits motor current, and the 
IN4002 diode dampens motor spikes. 

The SG1731 can function in non motor applications, too. The 
freezing point of water serves as a reference point for the 
calibration of various types of temperature sensors, such as 
platinum RTDs and thermocouples. In such applications, an ice 
slurry in a Styrofoam container or a Dewar bottle is usually used 
to achieve the O°C condition. Although inexpensive, this ap­
proach requires constant ice replenishment and water removal 
and tends to be messy. As an alternative, you can use the 
SG1731 to provide 2-quadrant control for a Peltier-junction-type 
thermoelectric cooler. 

Current flow in a Peltier device cools one side of the junction and 
heats the other; reversing the applied current causes the cold side 
of the junction to heat and the hot side to cool. Commercial 

15V 
+ (llF 

2j.tF 6 25V 

~1+0K 
16 

14 

2 

12 
SG1731 

-=-
13 

11 

10 

3 5 -25V 
-15V 

INPUT 

APPLICATION NOTES - SG1731 

devices use a large number of junctions to achieve high thermal 
capacity and are about the size of a postage stamp. They are 
optimized for one direction of current flow but can work both ways. 

TEMPERATURE REFERENCE IS BIDIRECTIONAL 

Fig 9's circuit capitalizes on this characteristic to achieve a very 
precise temperature reference that cools to O°C and then settles 
out very quickly. Mostthermal control loops settle slowly because 
energy can only be removed (as in a refrigerator) or added (as in 
a crystal oven). But because the Peltier device is thermodynami­
cally bidirectional, it's an ideal choice for use in a low-temperature 
servo. 

When power is applied, the platinum sensor (at a high resistive 
value) unbalances the bridge and causes the AD524 instrumen­
tation amplifier to saturate negatively. This action turns the 1731 
and its 1635 drivers on, resulting in currentflowthrough the Peltier 
device in the cooling direction. When the temperature reaches 
O°C, the 1731 tends to cut off, causing loop overshoot. However, 
the heat-pump reversal in the Peltier device forces short thermal 
settling times. 

15V 

47!J.F~ 
RLOAD,10 

47!J.Fr 

1RF9131 
-15V 

Figure 10. A Switched-Mode Power Amplifier Using a 25-kHz Carrier Transmits a 400-Hz Waveform to a Load 
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The 100-kQ potentiometer adjusts loop gain; the 1-J.lF capacitor 
sets bandwidth. The 1 OO-kQ resistors and the O.D1-J.lF capacitor 
across the instrumentation amplifier filter out the fast chopping 
noise the platinum sensor, a wiresound device, picks up. 

If you use the resistance decade shown, you can control the 
junction at any desired temperature around O°C. For an ideal 
1 OOOQ sensor at O°C, the table values shown in Fig 9 apply. You 
can substitute the actual O°C value for the platinum sensor used, 
biasing all values by the difference between the sensor resistance 
atO°C and 1000Q. The bidirectional thermal control and high loop 
gain produce very rapid response to any shift in temperature 
setpoint, plus high stability. 

MOTORS ADAPT EASILYTO CLASS D OPERATION, SPEAK­
ERS DON'T 

Finally, the SG1731 's 2-quadrant capability allows its use as a 
switched-mode (Class 0) power amplifier. Motors and other 
devices that can integrate the time-power spectrum of Class 0 
amplifier output are obvious loads. The design can also serve 
audio applications but requires careful attention to output filtering 
to achieve acceptable distortion levels. 

Fig 10 shows the 1731 set up to deliver high power to a 1 OQ load 
via complementary power FETs. The device's output stage 
swings ±25V, providing a 10V enhancement for turning on the 
FETs. The active 1731 outputs are ideal for driving power FETs 
because they can both source and sink the relatively high gate 
currents caused by the FETs' input capacitances. Fig 11 shows 
the waveforms associated with this circuit. 

A 
B 
C 
D 
E 

10V/DIV 
50V/DIV 
50V/DIV 
50V/DIV 
20V/DIV 

500,llSEC/DIV 
500,llSEC/DIV 
500,llSEC/DIV 
500,llSEC/DIV 
500,llSEC/DIV 

Figure 11. In These Waveforms for Fig. 1 D's Amplifier, Trace 
A is the Amplifier's Input, Traces Band C the 1731 's Outputs 

and Trace D the Waveform Across the Load. Trace E, a 3-kHz 
Filtered Version of Trace D, Shows That Power Density 

Approximates Input Signal 

APPLICATION NOTES - SG1731 

CLASS D AMPLIFIERS FOR AUDIO APPLICATIONS 

Almost all amplifiers use some form of output pass element to 
deliver power to a load. Because the amplifier controls this pass 
element, and because the amount of power delivered to the load 
varies, dissipation is inevitable. And at high power, substantial 
dissipation losses place limits on packaging, power consumption 
and efficiency. 

One form of amplifier, the Class 0 stage, largely circumvents 
these problems by using a switch-mode output stage to deliver 
power to the load. Because the amplifier'S output is either ON or 
OFF, efficiency is higher than that of a linear stage, and heat 
dissipation is low. In Fig 12, the output of such a stage is 
represented by a series of width modulated pulses whose power­
time spectrum is related to the input signal. 

IRF131 

(0) 

EFFECTIVE 
15V POWER- TIME 

1J-1}' Ii rCM 

TO 
LOAD 

I 47,uF 

r~ OUTPUT WAVEFORM 

-15V ~ IflIIll1I.IIUll 
OUTPUT STAGE 

Figure 12. A Switched-Mode PWM Class D Amplifier Coupled to 
an FET Output Stage Provides Efficient Operation 

In theory, this type of stage can serve in an efficient audio 
amplifier. And recently, designers have expressed a great deal of 
interest in developing such an amplifier. However, practical 
problems have made a workable switching design for audio 
difficult to achieve. 

Historically, switched-mode-amplifier designs called for complex 
circuitry and expensive output devices. Producing a pulse-width 
modulator that provides 2-quadrant response with high linearity 
and wide bandwidth was difficult. In addition, even if available, 
low-loss output switches that operated at high carrier frequencies 
were expensive, and the drive circuitry quite complex. 

The introduction of power-FET devices has reduced design-cost 
and complexity problems in the output stage. But although such 
components make the job easier, designers still must deal with 
several issues to achieve optimum performance. 

One unpleasant surprise is the combination ofthe high-frequency 
carrier and the FET's input capacitance. The FET gate drive (Fig 
13, trace A) causes the current drawn through the input capaci­
tances (trace B) to peak at 400mA on both edges as the FETs 
switch. Although the FETs have a high impedance at dc, the high 
carrier frequency required for audio calls for substantial average 
gate current. This requirement in turn calls for some form of 
preceding driver. 
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Figure 13. Fig 12's FET Output Stage Draws 400mA pk Gate 
Current When the FET's Switch (trace B). Trace A is the Gate 

Drive Signal; Trace C, the FET's Source Lines. 

APPLICATION NOTES - SG1731 

A more serious problem centers on filtering the carrier at the load 
(a speaker in audio applications). Filter design is complicated by 
the uncertain characteristics of the lead wire and speaker that 
connect to the amplifier. Even if these parameters are fixed by 
specification, the speaker's reactive nature complicates the de­
sign. 

Even assuming the filter can be built, the waveform across the 
speaker is well out of the phase with the input because of carrier­
induced phase shift as well as filter phase shift. As a result, closing 
a feedback loop from the load proves difficult. It might be possible 
to use a complementary phase-shift network to correct for this 
shortcoming, but the design of this type of an audio-grade com­
pensation scheme is difficult. Without feedback, the problem 
goes away, but nonlinearities in the pulse-width modulator then 
contribute to output distortion. 

Finally, the high-frequency harmonics in the switching stage pose 
a difficult RFI-suppression problem. The same fast switching that 
yields efficiency and wide-range audio bandwidth also qualifies as 
a potential broadband radio transmitter and must be suppressed. 
This need mandates careful layout, expensive and complex 
packaging and RFI suppression on both power and speaker 
connections. 
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Suite 202 
San Jose, CA 95134 
(408)432-9290 
FAX: 408-432-9298 

Zeus 
6276 San Ignacio 
SuiteE 
San Jose, CA 95119 
(408) 629-4789 
FAX: 408-629-4792 

May 1990 

CALIFORNIA 
(Southern) 

All American 
369 Van Ness Wy. 
Suite 701 
Torrance, CA 90501 
(213)320-0240 
FAX: 213-320-7207 

Bell Industries 
30101 Agoura Ct., #118 
Rocklin, CA 95677 
(818) 706-2608 
FAX: 818-991-7695 

Bell Industries 
11095 Knott Ave., Ste. E 
Cypress, CA 90630 
(714) 895-7801 
FAX: 714-891-4570 

Bell Industries 
11812 San Vicente Blvd. 
Suite 300 
Los Angeles, CA 90049 
(213) 826-6678 
FAX: 213-447-3265 

Bell Industries 
7827 Convoy Ct., #403 
San Diego, CA 92111 
(619) 268-1277 
FAX: 619-268·3733 

Jaco 
2282 Townsgate Rd., 
Suite 100 
Westlake Village, 
CA91361 
(805)495-9998 
FAX: 805·494-3864 

Future Electronics 
1692 Browning Ave. 
Irvine, CA 92714 
(714)250-4141 
FAX: 714-250·4185 

Future Electronics 
9301 Oakdale Ave. 
Suite 210 
Chatsworth, CA 91311 
(818) 772-6240 
FAX: 818-772-6247 

Future Electronics 
3940 Ruffin Rd., Unit E 
San Diego, CA 92123 
(619)278-5020 
FAX: 619-576-8564 

SALES OFFICES 

DISTRIBUTOR 

Jaco I Quality Comp All American ILLINOIS 
23441 S. Pointe Dr. 5009 Hiatus Rd. 
Suite 140 Sunrise, FL 33351 Bell Industries 
Laguna Hills, CA 92653 (305)572-7999 870 Cambridge Drive 
(714)837-8966 FAX: 305-749-9229 Elk Grove Villiage, IL 
FAX: 714-837-8974 60007 

Bell Industries (708) 640-1910 
Zeus Components 600 S. North Lake Blvd. FAX: 708-640-0474 
West Suite 100 
22700 Savi Ranch Pkwy. W. Altamonte Springs, Future Electronics Corp. 
Yorba Linda, CA 92686 FL32701 1000 East State Pkwy. 
(714)921-9000 (407) 339-0078 SuiteB 
FAX: 714-921-2715 FAX: 407-339-0139 Schaumburg, iL 60195 

(312)882-1255 
Zeus Future Electronics Corp. FAX: 312-490-9290 
5236 Colodny Dr. 4900 M. Creekside Dr. 
Agoura Hills, CA 91301 Clearwater, FL 33520 INDIANA 
(818) 889-3838 (813)578-2770 
FAX: 818-889-2464 FAX: 813-576-7600 Bell Industries 

5230 W. 79th St. 
COLORADO Future ElectronIcs Corp. Indianapolis, IN 46268 

380 S. North Lake Blvd. (317) 875-8200 
Bell Industries Altamonte Springs, FAX: 317-875-8219 
t2421 West 49th Avenue FL32701 
Wheatridge, CO 80033 (407)767-8414 Bell Industries 
(303) 424-1985 FAX: 407-834-9318 3606 E. Maumee 
FAX: 303-424-0932 Fort Wayne, IN 46803 

Jaco I Quality Compo (219) 423-3422 
Future Electronics Corp. 1202 Tech Blvd, Ste. 201 FAX: 219-424-2433 
9046 Marshall Ct. Tampa, FL33619 
WestmInster, CO 80030 (813)628-4665 .MARYLAND 
(303)650-0123 FAX: 813-626·8185 
FAX: (303)650-0937 All AmerIcan 

Zeus Components 14636 Rothgeb Dr. 
CONNECTICUT 1750 W. Broadway Rockville, MD 20850 

Suite 114 (301)251-1205 
ACI ElectronIcs Corp. Oviedo, FL 32765 FAX: 301-251-8574 
206 Route 80 (407)365·3000 
Suite 7 FAX: 407-365-2356 Future Electronics Corp. 
Killingworth, CT 06417 7165 Columbia Gateway 
(203) 663-3311 GEORGIA Columbia, MD 21046 
FAX: 203-663-2373 (301) 290-0600 

Bell Industries FAX: 301-290-0328 
Future Electronics Corp. 3020A Business Park Dr 
24 Stony Hill Road Norcross, GA 30071 Jaco 
Bethel, CT 06801 (404) 662-0923 10270 Old Columbia Rd. 
(203)743-9594 FAX: 404-449-6901 Columbia, MD 21046 
FAX: 203-798-9745 TEL: (301) 995-6620 

Future ElectronIcs Corp. FAX: 301-995-6032 
FLORIDA 3000 Northwoods Pkwy. 

Suite 295 Zeus 
All American Norcross, GA 30071 8930-A Route 1 08 
16251 N.w.54th Ave. (404)441-7676 Columbia, MD 21045 
Miami, FL33014 FAX: (404)446-7580 (301) 997-1118 
(305)621-8282 FAX: 301-964-9784 
TWX: 810-848-4048 
FAX: 305·620-7831 

III 
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DISTRIBUTOR 

MASSACHUSETTS MINNESOTA Bell Industries Zeus Components, Inc. Future Electronics Corp. 
1172B Linn Ave. N.E. 100 Midland Ave. Comell Oaks Corp. Center 

ACI Electronics Corp. All American Albuquerque, NM B7123 Port Chester, NY 10573 15236 N.W. Greenbrier 
BOO West Cummings Pk. 11409 Valley View Rd. (505)292-2700 (914)937-7400 Pkwy 
Woburn, MA. 01BBB Eden Prairie, MN 55344 FAX: 505-275-2BI9 TELEX: 646610 Phase iliA, Building A 
(617) 935-7230 (612) 944-2151 FAX: 914-937-2553 Beaverton, OR 97006 
FAX: 617-93-9053 FAX: 612-944-9B03 NEW YORK (503)645-9454 

Zeus (503)644-1559 
All American Future Electronics Corp. ACI Electronics Corp. 2110 Smithtown Ave. FAX: 503-645-1555 
107 Audubon Rd. 10025 Valley View Rd. 200 Newtown Rd. Ronkonkoma, NY 11779 
Bldg 2, Suite 104 Suite 196 Plainview, NY 11 B03 (516) 737-4500 TEXAS 
Wakefield, MA 01 BBO Eden Prairie, MN 55344 (516) 293-6630 FAX: 516-737-4520 
(617) 246-2300 (612)944-2200 FAX: 516-293-5192 All-American 
FAX: 617-246-2305 FAX: 612-944-2520 I NORTH CAROUNA 1819 Firman Dr 

I 
All American Suite 127 

Bell Industries NEW HAMPSHIRE 711-2 Koehler Ave. Future Electronics Corp. Richardson, TX 75081 
100 Burtt Rd., #106 Ronkonkoma, NY 11779 4701 Hedgemore Dr. (214) 231-5300 
Andover, MA 01Bl0 Bell Industries (516)981-3935 Suite 812 FAX: 214-437-0353 
(508) 474-B8BO 19 Park Ave. FAX: 516-9BI-3947 Charlotte, NC 28209' 
FAX: 508-474-8902 Hudson, NH 03051 (704)529-5500 Bell Industries 

(603) B82-1133 Future Electronics Corp. FAX: 704-527-2222 1701 Greenville Ave., 
Future Electronics Corp. FAX: 603-8B2-1275 7453 Morgan Rd. #306 
133 Fianders Rd. Liverpool, NY 13090 OHIO Richardson, TX 750B 1 
Westborough, MA 01581 NEW JERSEY (315)451-2371 (214) 690-0466 
(50B)366-2400 (Northern) FAX: 315-451-725B Bell Industries.- FAX: 214-690-0822 
TLX: 755917 444 Windsor Park Drive 
FAX: 508-366-1195 ACI Electronics Corp. Future Electronics Corp. Dayton, OH 45459 Future Electronics Corp. 

12 Furler SI. 333 Metro Park (513) 435-8660 1900 Firman Dr. 
Jaco Suite 301 Rochester, NY 14623 FAX: 513-435-6765 Suite 150 
1053 East SI. Totowa, NJ 07512 (716)272-1120 Richardson, TX 750Bl 
Tewksbury, MA. 01876 (201) 812-0507 FAX: 716-272-7182 Bell Industries (214)437-2437 
(508) 640-0010 FAX: 201-812-0709 (Military) FAX: 214-669-2347 
FAX: 50B-640-0755 Future Electronics Corp. 446 Windsor Park Drive 

Future Electronics Corp. 801 Motorparkway Dayton, OH 45459 Jaco I Quality Compo 
Jaco I Quality Compo 122 Fairfield Rd. Hauppauge, NY 11788 (513) 434-8231 2120 M-Braker Ln. 
222 Andover SI. Fairfield, NJ 07006 (516)234-4000 FAX: 513-434-8103 Austin, TX 7875B 
Wilmington, MA 01 B87 (201 )227-4346 FAX: 516-234-6183 (512)B35-0220 
(617)273-1 B60 FAX: 201-227-5305 Zeus FAX: 512-339-9252 
FAX: 617-273-1942 Jaco I Quality Compo 2912 Springboro West 

Vantage 145 Oser Ave. Suite 106 Jaco I Quality Compo 
Zeus 23 Sebago SI. Hauppauge, NY 11788 Dayton, OH 45439 4251 Kellway Circle 
429 Marrett Rd. Clifton, NJ 07013 (516)273-5500 (513) 293-6162 Addison, TX 75244 
Lexington, MA 02173 (201)777-4100 TWX: 510-227-6232 FAX: 513-293-1781 (214)733-4300 
(617)863-8800 FAX: 201-777-6194 FAX: 516-273-5528 FAX: 214-250-0216 
FAX: 617-863-8807 OKLAHOMA 

NEW JERSEY Summit Electronics Jaco I Quality Compo 
MICHIGAN (Southern) 916 Main SI. Jaco I Quality Compo 1005 Industrial Blvd. 

Buffalo, NY 14202 3158 S.108 East Ave. Sugarland, TX 7747B 
Bell Industries Future Electronics Corp. (716)8B7-2BOO Suite 274 (713)240-2255 
B14 Phoenix Drive 520 Fellowship Rd. FAX: 716-887-2B66- Tulsa,OK74146 FAX: 713-240-698B 
Ann Arbor, MI48104 SuiteAl01 (918)664-BBI2 
(313) 971-9093 Mount Laurel, NJ OB054 Summit Electronics FAX: 918-664-8515 Zeus Components, Inc. 
FAX: 313-971-9178 (609)778-7600 292 Commerce Dr. 1800 N. Glenville 

FAX: 609-778-4621 Rochester, NY 14623 OREGON Suite 120 
Future Electronics Corp. (716)334-8110 Richardson, TX 75081 
35200 Schoolcraft Rd. NEWMEXtCO FAX: 716-334-8224 Bell Industries (214)7B3-7010 
Suite 106 6024 Southwest Jean Rd FAX: 214-234-4385 
Livonia, MI 48150 Alliance Vantage Lake Oswego, OR 97034 
(313)261-5270 10510 Research Ave S.E. 1056 Jericho Turnpike (503) 635-6500 UTAH 
FAX: 313-261-8175 Albuquerque, NM 87123 Smithtown, NY 11787 FAX: 503-635-4095 

(505) 292-3360 (516) 543-2000 Bell Industries 
TWX: 910-989-1151 FAX: 516-543-2030 6912 S. 185 West, Ste B 
FAX: 505-275-6392 Midvale, UT 84047 

(801) 255-9611 
FAX: 801-255-2477 
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Future Electronics Corp. 
2250 So. Redwood Rd. 
Salt Lake City, UT 84119 
(801 )972-8489 
FAX: 801-972-3602 

WASHINGTON 

Future Electronics Corp. 
4038 148th Avenue N.E. 
Redmond, WA 98052 
(206)881-8199 
FAX: 206-881-5232 

WISCONSIN 

Bell Industries 
W.226N.900 

Westmound Drive 
Waukesha, WI 53186 
(414) 547-8879 
FAX: 414-547-6547 

Marsh Electronics 
1563 S. 101 SI. 
Milwaukee, WI 53214 
(414)475-6000 
TWX: 910-262-3321 
FAX: 414-771-2847 

CANADA 

Future Electronics Corp. 
82 SI. Regis Crescent N. 
Downsview, Ontario 
Canada M3J 1 Z3 
(416)638-4771 
FAX: 416-638-2936 

Future Electronics Corp. 
237 Hymus Blvd. 
Pointe Claire (Montreal) 
Quebec 
Canada H9R 5C7 
(514)694-7710 
TWX: 610-421-3251 
FAX: 514-695-3707 
TLX: 05-823599 

Future Electronics Corp. 
Baxter Center 
1050 Baxter Rd. 
Ottawa, Ontario 
Canada K2C 3P2 
(613)820-8313 
FAX: 613-820-3271 

Future Electronics Corp. 
106 King Edward 
Winnipeg, Manitoba 
Canada R3H ON8 
(204)786-7711 
FAX: 204-783-8133 

Future Electronics Corp. 
1695 Boundary Rd. 
Vancouver, B.C. 
Canada V5K 4X7 
(604)294-1166 
FAX: 604-294-1206 

Future Electronics Corp. 
3220 5th Ave. N.E. 
Calgary, Alberta 
Canada T2A 5Nl 
(403)235-5325 
FAX: 403-248-0750 

Future Electronics Corp. 
1990 Charest Blvd. W. 
Suite 190 
SI. Foy, Quebec 
Canada Gl N 4K8 

DISTRIBUTOR 
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SILICON 
GENERAL 

AUSTRALIA 

A.J. Distributor Ply. Ltd. 
44 Prospect Rd. 
Prospect, S. Australia 
5082 
TEL: (08)2691244 
TELEX: 79082635 
FAX: 61·8-2696743 

AUSTRIA 

Moor Lackner GesmbH 
Lamezanstr. 10 
A-1232Wien 
Austria 
TEL: 011-43-1-610620 
TELEX: 135701 
FAX: 011-43-1-61062-151 

CANADA 
(Except B.C.) 

Vitel Electronics 
2235 Onesime Gagnon 
Lachine, Quebec 
Canada H8T 9Ll 
TEL: (514)636-5951 
FAX: (514)636-1341 
TELEX: 05821762 

Vitel Electronics 
5925 Airport Rd. 
Suite 610 
Mississauaga, Ontario 
Canada L4V 1 Wl 
TEL: (416)676-9720 
TWX: 610-492-0055 
FAX: 416-676-1798 

Vitel Electronics 
300 March Rd. 
Suite 301 
Kanata, Ontario 
Canada K2K 2E2 
TEL: (613)592-0090 
FAX: 613-592-0182 

Vltel Electronics 
314-4211 Kingsway 
Vancouver, B.C. 
Canada V5H 1 Z6 
TEL: (604) 439-1136 
FAX: 604-439-0195 

May 1990 

DENMARK 

InotecAlS 
Hoerkaer14 
2730 Herlev 
Denmark 
TEL: 45-42948033 
TELEX: 35194 
FAX: 45-42948485 

FINLAND 

Flinkenberg Oy 
Bulevardi 28 
SF00120 
Helsinki 12 
Finland 
TEL: 358-0647311 
TELEX: 57124533 
FAX: 358-0-604-758 

FRANCE 

Euro-Composant S.A. 
(SIlioon General Sales 0fIi0e) 
41 Avenue Moliere 
78170 laCelle St. Cloud 
France 
TEL: (01) 30820332 
FAX: (01)-39693868 

Scientech REA 
81 Rue Pierre Semard 
92320 Chatillon 
France 
TEL: 49-652750 
TELEX: 632061 
FAX: 49-652769 

GERMANY 

Eurocomp Elektronik 
GmbH 
(Silioon General Sales 0fIi0e) 
1m Muehlfeld 20 
D-6360 Friedberg 
West Germany 
TEL: 6031-61076 
FAX: 6031-61788 

Alfatron GmbH 
Stahlgruberring 12 
8000 Munich 82 
West Germany 
TEL: (89)4204910 
TELEX: 5216935 
FAX: (89)42049159 

Astronic GMBH 
Gruenwalder Weg 30 
D - 8024 Deisenhofen 
West Germany 
TEL: 89-6130303 
TELEX: 5216187 
FAX: 89-6131668 

Asternetlcs GMBH 
Wetterstein Str. 2 
D-8028 Taufkirchen 
West Germany 
TEL: (89) 612900 
FAX: (89) 6129198 

Milgray Electronics 
GmbH 
Industiegebiet OST 
Hielbronner Str. 23 
D - 7320 Goeppingen 
West Germany 
TEL: 7161-67200 
TELEX: 727269 
FAX: 7161-672055 

HONG KONG 

Tektron Electronics, Ltd. 
1702 Bank Center 
636 Nathan Rd. 
Kowloon, Hong Kong 
TEL: 852-880629 
TELEX: 780-38513 
FAX: 852-7805871 

ISRAEL 

Boran Technologies Ltd. 
P.O. Box 4058 
6 Zahud Street 
Petah Tikva 49130 
Israel 
TEL: 972-3-9345171 
TELEX: 341167 
FAX: 972-3-9344235 

ITALY 

Exhibos.p.a. 
Viale Vittorio Veneto 21 
20052 Monza 
Italy 
TEL: 39-20841 
TELEX: 333315 
FAX: 39-7369036 
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SALES OFFICES 

INTERNATIONAL 

JAPAN 

Hakuto Company, Ltd. 
C.P.O. Box 25 
Tokyo 100-91 , Japan 
TEL: 03-502-2211 . 
TELEX: 22912 
FAX: 81-3-5978975 

KOREA ·1 

Shlnhwa Corp. 
Room No. 402 
Janghakhoegwan Bldg. 
945-15 Daechi-Dong, 

Kangnam-Ku 
Seoul, Korea 
TEL: (02) 554-6431/5 
FAX: (02) 554-7649 
TELEX: 22096 

(SHNHWA) 

NETHERLANDS 

Techmatlon Manudax 
Electronics 
B.V. - T.M.E.B.V. 
Helftheuvelweg 83 
P.O. Box 2399 
5224 AS 

's-Hertogenbosch 
Netherlands 
TEL: (31)-73-221010 
TELEX: 74488 
FAX: (31)-73-220330 

NORWAY 

Henaco AlS 
Trondheimsveien 436 
P.O. Box 126 
Kalbakken, N-0902 
0510,9 
Norway 
TEL: 02-162110 
TELEX: 76716 
FAX: 02-257780 

PORTUGAL 

Componenta 
Componentes 
Electronicos L TDA 
Rua Luis de 

Camoes128B 
1300 Lisbon, Portugal 
TEL: 010-351-1-3621284 
FAX: 010-351-1-3637655 

PUERTO RICO 

SEC 
P.O. Box 1630 
Cayey, PR 00634 
(809) 250-0140 
FAX: 809-263-0851 

1 REPUBLIC OF CHINA 1 

Helm Engineering 
& Trading 
4F, 658 Tun Hua S. Rd. 
Taipei, Taiwan 
R.O.C. 
TEL: (02)706-1888 
TELEX: 28204 
FAX: (02)706-0465 

Irtronic Corp. 
3-5 FI., No. 112 Sec 
2 Chung Shan N. Road 
Taipei, Taiwan 
R.O.C. 
TEL: (02)531-5467 
TELEX: 26966 
FAX: (02)571-4715 

SINGAPORE- . 

Taiga Electronics 
PTE Ltd. 
126 Joo Sang Rd. #09-14 
Gold Pine Industrial Bldg. 
Singapore 1336 
TEL: 2861980 
TELEX: 22974 
FAX: (65)2881255 

SOUTH AFRICA 

Electronics Bldg. 
Elements 
South Africa (PTY) Ltd. 
P.O. Box 912-1222, 
Silverton 0127 
176 Eresmus St. 
Meyerspark 
Pretoria 0184 
Republic of South Africa 
TEL: (27) 12-8037680/93 
TELEX: 322786 
FAX: (27)12-8038294 



SPAIN 

Amitron S.A, 
Conchita Supervia, 9 
08028 Barcelona 
Spain 
TEL: 34·3-4907494 
TELEX: 98791 
FAX: 34·3·3305304 

SWEDEN 

Naxab 
P.O. Box4115 
S-171·04 Solna 
Sweden 
TEL: 08·985140 
TELEX: 17912 
FAX: 46·8·7645451 

SWllZERLAND 

Kontron Electronics AG 
Bernerstr. Sued 169 
CH·8010 Zurich 
Switzerland 
TEL: 01·435·4111 
TELEX: 822196 
FAX:01·621118 

I UNITED KINGDOM 

Silicon General Ltd. 
European Headquarters 
17 BridgeS!. 
Leatherhead. Surrey 
England KT228BL 
TEL: (372)377779 
TELEX: (851)897628 
FAX: 372·376848 

Norbaln Technology 
Bulton Rd. 
Reading. Berkshire 
England RG20L T 
TEL: (734)864411 
TELEX: 847203 
FAX: 734·751464 

Milgray Distribution Ltd. 
30 West Drive 
Brighton BN2 2GE 
England 
TEL: (273) 670-0470 
TELEX: 877715 
FAX: 273-670387 

INTERNATIONAL 
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Silicon General, Inc. Semiconductor Group, 11861 Western Ave.,Garden Grove, California 92641 
Telephone 714-898-8121 • FAX (714) 893-2570 


