United States Patent [

Corsi et al.

1 0 D R 00
US005519341A

(111 Patent Number:

5,519,341

[451 Date of Patent: May 21, 1996

[54] CROSS COUPLED QUAD COMPARATOR
FOR CURRENT SENSING INDEPENDENT
OF TEMPERATURE

[75] Inventors: Marco Corsi, Dallas, Tex.; Gabriel A.
Rincon, Margate, Fla.

[73] Assignee: Texas Instruments Incorporated,
Dallas, Tex.

[21] Appl. No.: 349,168

[22] Filed: Dec. 2, 1994
[51] TImt. CLS .. HO3K 5/153
[52] U.S. CL 327/80; 327/427
[58] Field of Search .........veeeceincene 327/51-57, 71,
327/80, 81, 142, 215-219, 427
[56] References Cited
U.S. PATENT DOCUMENTS
3,849,673 1171974 KOO .cvvvemmvmrursrsmsessmssssesensassnnns 327/427
4,119,870 10/1978 ZiDert ....coeeeeeeeemneereneereenaneens 327/427

4,124,808 171977 Shiev et al. e 3277427

5,192,906  3/1993 Nathan ..o 323/284

5,245,526 9/1993 Balakrishnan et al. .....ccccoveeeeee 327177

5,247,240 9/1993 Kayser et al. ....ccooeveeeecrernicnene 323/288

5,404,053  4/1995 Poma et al. .ooocremrccerinniresenees 327/108
OTHER PUBLICATIONS

Analogue IC Design: The Current-Mode Approach edited
by C. Toumazou, F. J. Lidgey & D. G. Haigh (paper by Barry
Gilbert, see p. 70 ff.).

Primary Examiner—Timothy P. Callahan

Assistant Examiner—Jeffrey Zweizig

Attorney, Agent, or Firm—Mark E. Courtney; W. James
Brady, ITI; Richard L. Donaldson

l2¢ l‘l*

[57] ABSTRACT

A circuit and method for sensing and limiting current. A
resistor (R1) is used to generate a voltage (V1) proportional
to the current flowing in an output transistor (M1). A
comparator is formed in a cross coupled quad configuration
from bipolar transistors (Q11, Q12, Q13 and Q14) and is
coupled to the resistor (R1). When the current in the resistor
(R1) generates a voltage in excess of a threshold voltage for
the cross coupled quad circuit, the cross coupled quad
generates an output indicating the threshold has been
reached. In a current limiting configuration, the output of the
cross coupled quad is used to reset a flip-flop (FF1) that
drives the gate terminal of the output transistor (M1), thus
shutting down the output transistor before it is damaged due
to excess current. The threshold voltage that triggers the
cross coupled quad is proportional-to-absolute-temperature.
This property allows the comparator to be combined with an
aluminum resistor (R1) to form a current sensing circuit that
has a threshold current that is independent of temperature,
since the temperature coefficient of the resistor will cancel
the temperature coefficient of the comparator. The threshold
voltage of the comparator may be adjusted by adjusting the
emitter areas of the bipolar transistors (Q11, Q12, Q13 and
Q14) which make up the cross coupled quad circuit. The
circuitry of the invention may be applied to a high side
driver or a low side driver output circuit. Other embodiments
are also described.
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