
Figure 1 A pair of shift registers, an inverter, and a handful of precision resis-
tors form a sine-wave generator (a). Two operational amplifiers form a resist-
ance-capacitance lowpass filter that removes clock-signal artifacts from the
output (b).

R1 1M

340k

215k

165k

143k

133k

133k

143k

165k

215k

340k

1M

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

D
Q1
Q2

Q3

Q4

DC

R

Q1
Q2

Q3

Q4

C

R

D

Q1

Q2

Q3

Q4

DC

R

Q1

Q2

Q3

Q4

C

R

IC2B

IC2A

IC1A

IC1B

IC3

SINE-
WAVE
OUTPUT

RESET ON
POWER UP

CLOCK IN
(24�fOUT)

DUAL 
FOUR-STAGE

SHIFT 
REGISTER

INVERTER

(a)

(b)

SINE-WAVE
INPUT

IC4

IC5

_

+

_

+

R

C

SMOOTHED
SINE-WAVE

OUTPUT


