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This invention relates generally to an improved circuit 
for driving resistive and inductive loads at relatively high 
current levels and \which is particularly well adapted 
to driving electromechanical transducers such as the coils 
which are utilized to drive print hammers in impact 
printing apparatus. 

Impact printing operations involve the movement of a 
mechanical element which contains a relatively high 
energy level. This movement is impulsive in nature, that 
is, it must be accelerated to a relatively high speed in 
a very short time. When this motion is impelled by an 
electromechanical transducer, the nature of the opera 
tion demands that high electrical power levels be em 
ployed in driving the transducer during the period of 
acceleration. 
The most common approach in high speed impact 

printers and the like is the use of a power transistor for 
energizing each hammer coil together with one or more 
preampli?ers which provide suflicient input drive to the 
power transistor. Although this type of drive circuit per 
forms well at high speeds, the power transistor, together 
with the preampli?er stages, results in an overall high 
cost for driving each hammer. 

Within recent years, silicon-controlled recti?ers have 
been employed more and more in environments wherein 
they replace power transistors. The silicon-controlled 
recti?ers are particularly advantageous because of sig 
ni?cant advantages in both cost and size. In addition, 
relatively low input power levels can switch high output 
power levels, thereby eliminating the need for powering 
up stages. With the advent of monolithic technology and 
the adaptability of the silicon-controlled recti?er to 
fabrication in this new technology, the size and cost fac 
tors are even more enhanced. 

Accordingly, it is a primary object of the present in 
vention to provide an improved print hammer (or other 
load) drive circuit utilizing silicon-controlled recti?ers. 
The use of silicon-controlled recti?ers in the hammer 

drive circuitry is not new. Several circuit arrangements 
have been suggested, some of which make use of the 
recti?ers in a bistable mode of operation and in a few 
instances, in a monostable mode of operation. For vari 
ous reasons relating to dual input control and timing 
problems, the use of the monostable mode of operation 
becomes particularly advantageous. Known silicon-con 
trolled recti?er driver circuits of the monostable type 
have suffered from various timing and control problems, 
particularly those related to fast recovery times which 
are necessitated in high speed printers. Practical embodi 
ments have also suffered from excessive power dissipa 
tion. 

It is therefore a more speci?c object of the present 
invention to provide an improved, high speed, monostable 
device utilizing silicon-controlled recti?ers. 
These objects are achieved in a preferred embodiment 

of the invention by providing a ?rst silicon-controlled 
recti?er connected in series with the load impedance be 
tween the terminals of a suitable power supply. A sec 
ond silicon-controlled recti?er and a series impedance 
are connected across the power supply. The anodes of 
the two recti?ers are coupled to each other through a 
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capacitor, the function of which is to turn off an ener 
gized recti?er when the other recti?er is initially turned 
on. The impedance which is in series with the second 
recti?er is in the form of a transistor which provides a 
very high impedance when the circuit is in its inactive 
state and which provides a very low impedance for charg 
ing the capacitor during the cyclical energization of the 
monostable device. This variable impedance signi?cantly 
improves the recovery time to permit high speed opera 
tion, almost eliminates power loss in the stable state 
of the circuit, and assures greater reliability of opera 
tion. The conductivity of the second recti?er is controlled 
by means of a second capacitor and its related charge and 
discharge circuits. 

It is therefore a more speci?c object of the present 
invention to provide, in a monostable device comprising 
a pair of silicon-controlled recti?ers and a coupling ca 
pacitor, a nonlinear impedance which provides fast re 
covery time for the circuit, thereby to signi?cantly im 
prove the maximum speed of operation, to provide for 
an elimination of power wastage in the stable state, and 
to improve the reliability of the circuit. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of a preferred embodi 
ment of the invention, as illustrated in the accompany 
ing drawing which is a schematic diagram of the im 
proved monostable device. 
The improved monostable device includes a ?rst silicon 

controlled recti?er 1 which is connected in series with a 
load impedance 2 between ground potential and a posi 
tive supply terminal 3. 
A second silicon-controlled recti?er 4, a transistor 5 

and an emitter resistor 6 are connected in series between 
ground potential and the supply terminal 3. 
The anodes of the recti?ers 1 and 4 are connected to 

each other by way of a coupling capacitor 7. The base 
electrode of the transistor 5 is connected to the anode 
of the recti?er 1 by way of a current limiting resistor 8‘. 
The anode of the recti?er 4 is connected to ground 

potential by way of a voltage divider comprising resis 
tors 10 and 11. The junction between the latter resistors 
is connected to ground potential by way of a diode ‘12 
and a capacitor 13. The junction between the diode and 
capacitor is connected directly to the control electrode 
of the recti?er 4 and is also connected to the supply 
terminal 3 by way of a potentiometer 14 and a resistor 
15. The control electrode 16 of the recti?er 1 is con 
nected to a source of turn-on pulses (not shown). 
The operation of the monostable ‘device is as follows. 

The recti?er 1 is initially in its nonconductive state, 
whereby the positive potential at the terminal 3 is applied 
to the right-hand terminal of the capacitor 7. 
A conductive path is established by way of resistors 

11, 14 and 15 and diode 12. The value of the resistor 11 
is so small relative to the value of resistors 14 and 15 
that there is substantially no voltage drop across the re 
sistor 11. The junction between the diode 12, capacitor 13 
and the control electrode 4 will, therefore, be ?xed at ap 
proximately a positive seven-tenths volt level (e.g. the 
diode drop), whereby the recti?er 4 is forward biased to 
its low impedance state. However, since its anode is sub 
stantially at ground potential, the anode to cathode cur 
rent ?ow is insigni?cantly small. The left-hand terminal 
of the capacitor 7 is, therefore, at ground potential. 
The transistor 5 is normally in its non-conducting state 

since the positive potential from the terminal 3 is ap 
plied to both its base and emitter electrodes. 
When a positive pulse is applied to the input terminal 

16, the recti?er 1 is turned on to energize the load 2. At 
the same time, the capacitor 7 applies a negative pulse 
to the junction between the transistor 5 and the recti?er 4, 
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driving this junction to a highly negative level. This nega 
tive potential turns off the recti?er 4 and causes the capac 
itor 13 to be charged to a predetermined negative poten 
tial determined 'by the relative values of the resistors 10 
and 11. The capacitor 13 reverse biases the control elec 
trode of the recti?er 4. 
The transistor 5 is now forward biased and begins to 

conduct. Due to its low impedance, the transistor 5 will 
very rapidly charge the capacitor 7 substantially to the 
voltage difference between ground potential and the 
potential level at the terminal 3. During this time inter 
val, the capacitor 13 will be charging positively by means 
of the charge circuit formed by the resistors 14 and 15, 
diode 12 being reverse biased. 
When the charge across the capacitor becomes suf?~ 

ciently positive to forward bias the junction ‘between the 
control electrode and the cathode of the recti?er 4, the 
latter recti?er is turned on. This causes the capacitor 7 to 
apply a highly negative potential to the anode of the 
recti?er 1, turning the latter recti?er off. 
The capacitor 7 is charged by way of the load im 

pedance 2; and, when the voltage level at the anode of 
the recti?er 1 reaches a level substantially equal to that 
at the supply terminal 3, transistor 5 is turned off. With 
the transistor 5 nonconducting, the anode circuit of the 
recti?er 4 is interrupted except for the small current ?ow 
through the resistors 10 and 11; and the circuit adjusts 
itself to the initial state which existed before the recti?er 
1 was turned on. 

Suitable component values which provide satisfactory 
operation are given by way of example below; however, 
the scope of the application is not to be limited thereby: 

Resistors: 
6 ___________________ __values in ohms 28 
8 _________________________ __do____ 370 
10 ________________________ __do____ 1,200 
11 ________________________ __do____ 210 

15 ________________________ __do____ 72,000 
14 ________________________ __do____ 0—20,000 

Capacitors: 
7 ____________________ __values, microfarads 4.1 
13 ____________________________ __do____ .051 

It will be appreciated that the improved results ob 
tained by the use of the nonlinear impedance, i.e. tran 
sistor 5, can be utilized in a bistable or other form of 
the circuit illustrated. For example, the resistors 10, 11, 
14 and 15, the diode 12 and the capacitor 13 can be re 
moved; and recti?er 4 can be turned on when desired by 
an external pulse source. 

While the invention has been particularly shown and 
described with reference to a preferred embodiment 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and details 
may be made therein without departing from the spirit 
and scope of the invention. 
What is claimed is: 
1. A circuit for energizing a load with high energy 

pulses of short time duration of the type: 
in which ?rst and second silicon-controlled recti?ers 

are connected for sequential energization to momen 
tarily energize the load over a series path including 
the ?rst recti?er, and 

in which means, including a capacitor coupled to 
similar electrodes of the recti?ers, is effective to ap 
ply a turn-off pulse to each recti?er incident to the 
initial turn-on of the other recti?er, 

the circuit being characterized by: 
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4 
ducting to minimize power drain through the second 
recti?er, and for operation in its low impedance state 
while the ?rst recti?er is conducting for rapidly con 
ditioning the capacitor for subsequent turning off of 
the latter recti?er. 

2. The circuit set forth in claim 1 wherein the variable 
impedance element comprises: 
a transistor switch having its base-emitter electrodes 

connected in series with the ?rst recti?er and having 
its collector electrode connected to the second recti 
?er and the capacitor. 

3. A monostable circuit comprising: 
a power supply having ?rst and second terminals, 
a ?rst silicon-controlled recti?er and a load impedance 

element connected in series between the terminals, 
a second silicon-controlled recti?er and a variable im 

pedance element connected in series between the 
terminals, 

a capacitor interconnecting the junctions between the 
recti?ers and their respective impedance elements, 

?rst means normally maintaining each recti?er in a 
substantially nonconductive state, 

the ?rst recti?er adapted to respond to input signals for 
switching to a highly conductive state to energize 
the load element, 

second means for initiating the switching of the second 
recti?er to a highly conductive state at a predeter 
mined time interval after it is rendered effective; 

third means including the capacitor responsive to 
switching of the ?rst recti?er for rendering the latter 
means effective, 

means causing the variable impedance element to 
switch from a high to a low value in response to 
switching of the ?rst recti?er to its highly conduc 
tive state and rapidly charge the capacitor to a ‘de 
sired value prior to switching of the second recti?er 
to its highly conductive state, 

said capacitor responsive to the switching of the second 
recti?er to its highly conductive state for applying 
a turn-off pulse to the ?rst recti?er; and 

said variable impedance thereafter switching to a high 
value to inhibit signi?cant current ?ow through the 
second recti?er. 

4. The monostable circuit set forth in claim 3 wherein 
the variable impedance comprises: 

a transistor switch having its base-emitter electrodes 
connected in series with the ?rst recti?er between 
the supply terminals and having its collector elec 
trode connected to the second recti?er and the ca 
pacitor. 

5. The monostable ci-rcuit set forth in claim 4: 
wherein the second means comprises an integrating 

circuit including a second capacitor and resistance 
means, and 

wherein the third means includes a voltage divider con 
nected to the ?rst-mentioned capacitor and a diode 
connecting an intermediate junction of the voltage 
divider to the second capacitor. 
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