
Thevenin- and Norton-equiv-
alent circuits, among the most 

fundamental circuit-analysis theorems, 
can be useful for determining a load re-
sistance for maximum power transfer, 
simplifying circuit models, and a variety 
of other analysis techniques. Unfortu-
nately, calculating the Thevenin volt-
age and resistance can become difficult 
as circuit complexity increases. Figures 
1, 2, and 3 illustrate a simple method 
for obtaining the Thevenin voltage 
and resistance—and, subsequently, the 
Norton equivalence—with the aid of 
simulation. First, you choose an arbi-
trary load resistance, RLOAD—2 kV in 
this example—and run the simulation 
to get the current through the load re-
sistance. Next, you remove the load re-
sistance and simulate the open-circuit 
voltage across nodes A and B to obtain 
the Thevenin voltage. You obtain the 
Thevenin resistance from those two 
values.

The Thevenin-equivalent circuit 

must produce the same current through 
the load. The total resistance in the 
Thevenin circuit is RTOTAL5(VTH/
ILOAD)5(374.095 mV/60.301 mA)Q 
6.203 kV, where RTOTAL is the total re-
sistance. Therefore, the Thevenin resis-
tance is simply [(VTH/ILOAD)2RLOAD]5 
(RTOTAL2RLOAD)56.203 kV22 kVQ 
4.203 kV, where VTH is the Thevenin 
voltage and ILOAD is the load current.

Figure 4 shows the Thevenin-
equivalent circuit, and Figure 5 shows 
the Norton-equivalent circuit. Note 
that, because the net current through 
the load flows to the left, the posi-
tive Thevenin terminal is grounded. 

Without the aid of simulation, you 
can calculate VTHEVENIN and RTHEVENIN 
as follows. The array for the loop cur-
rents in Figure 2, assuming a clock-
wise current flow in each loop, gives 
the current through the load resis-
tance (Equation 1).
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Simple method uses PSpice  
for Thevenin-equivalent circuits

Figure 1 To calculate Thevenin-equivalent  
circuits, you first choose a load resistance— 
2 kV in this circuit.
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Figure 2 The simulation for current through the load resistance yields 
260.3 mA.
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Equation  for  di4349   (12-5-08 issue)
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The Analog Devices (www. 
analog.com) AD5422 16-bit 

serial-input DAC lets you program 
for a voltage output or a current out-
put. To communicate with the DAC 
and produce a variable output, you 
need a data SERDES (serializer/dese-
rializer). If your design needs a con-
stant 4-mA output, however, you can 
program the device with two flip-
flops and test it with S1, a mechani-

cal pushbutton switch (Figure 1).
The AD5422’s programming uses a 

24-bit word in which the upper eight 
bits form an address for a control regis-
ter and the lower 16 bits set the DAC’s 
output range, slew-rate step, and slew-
rate clock (Table 1, pg 52). Program-
ming a 24-bit 0101 ... 01 pattern into 
the AD5422 sets it to the bottom of 
the simultaneously selected current 
range, 4 to 20 mA at the output-cur-

rent pin (Pin 19). The AD5422’s in-
ternal shift-register data moves into 
the data register at every low-to-high 
transition of the latch signal (Pin 7). 
The device interprets this alternating 
bit sequence as a control command 
during the 23rd time you press and re-
lease the switch after IC1’s power-up. 
After that sequence, the SCLK signal 
can remain idle (Figure 2).

Flip-flop FF1, configured as a familiar 
divide-by-two counter, produces the 
desired alternating sequence. Manually 
pressing and releasing the pushbutton 
switch, you cause the generation of an 
SCLK signal. You must use a debounc-

designideas

From Equation 1, you can calcu-
late I2 and I5: I2Q217.77 mA, and 
I5Q157.47 mA. Thus, I22I5Q60.3 mA, 
assuming a leftward flow through the 
load resistor.

You calculate the array for the loop 

currents in Figure 3 without the 
load resistance, as Equation 2 shows. 
From Equation 2, you can calculate 
the following currents: I1Q807.92 
mA, I2Q1.744 mA, I3Q179.87 mA, 
I4Q53.64 mA, and I5Q148.27 µA. 

Thus, VA52V41[(I22I3)3R7]Q 
21.8719V, where the net current flows 
downward. Further, VB5 [(2V41 
(I33R9))1((I32I5)3R10)1V2]Q 
21.498V, where the net current in R10 
flows downward. Thus, VTHEVENIN5 
VA2VBQ2374 mV, and you can cal-
culate RTHEVENIN according to the pre-
vious description.EDN

DAC and flip-flops form  
constant-current source
Marián Štofka, Slovak University of Technology, Bratislava, Slovakia
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Figure 3 The simulation for the open-circuit voltage yields approximately 
2374 mV.
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Figure 4 In the Thevenin-equivalent 
circuit, current flows to the left, so 
the VTHEVENIN terminal is grounded.
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Figure 5 In the Norton-equivalent 
circuit, RNORTON is 4.203 kV.
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er because the circuit requires a clean 
logic signal for SCLK with level tran-
sitions that do not exceed a few 10s of 
nanoseconds. FF2 acts as an asynchro-
nous set/reset flip-flop that debounces 
the signal from the button.

For the circuit to work properly, 
the active low-to-high transition of 
the latch signal must occur at least 13 
nsec after the low-to-high transition of 
SCLK. You can fulfill this requirement 

by using the SN74HC74-class flip-flop. 
The Q output of FF1 in IC2 connects to 
the SDIN input of IC1. The level tran-
sitions at the SDIN input must have 
preset and hold times of at least 5 nsec 
with respect to low-to-high transitions 
of the SCLK signal. You can derive the 
supply voltage of 5V for the pull-up re-
sistor at the FAULT output of IC1 (Pin 
3) for IC2 from the AD5422’s precision 
5V reference. The tiny current surges 

due to loads appear at the initializing 
state, at clocking in the control word 
to IC1, or in a faulty state when the 
open-drain FAULT output of IC1 is ac-
tive. Fortunately, either the output cur-
rent (Pin 19) is not yet flowing, or an 
overtemperature condition or an ex-
cessive value of the load resistor causes 
external damage to the precision of 
this current. In either case, the exter-
nal loading of the internal reference 
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Figure 1 After you press and release S1 23 times, the DAC produces a constant-4-mA-current output.
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Figure 2 Although the control-command sequence 
is at least 23 clock pulses wide, you can easily 
generate the alternating bit pattern.
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You can obtain a precise, posi-
tive-output voltage from a nega-

tive-voltage supply with a boost con-
verter and a linear regulator. The input 
and output capabilities of the circuit in 
Figure 1 depend on the allowable I/O 
voltages of IC1 and IC2. In this case, 
IC1 and IC2 convert a 25V input volt-
age to a 3.3V output voltage.

IC1 is a boost converter that accepts 

25V when its VCC pin connects to 
common ground—that is, the ground 
of the negative-power-supply input. 
Voltage divider R1/R2 at IC1’s output 
provides feedback that sets the output 
voltage 10.5V above IC1’s ground pin. 
With the feedback-threshold voltage 
factory-set to 1.226V, you can choose 
values for R1 and R2 using this equa-
tion: (1.226V/R2)3(R11R2)510.5V. 

Current through R1 and R2 should be 
at least 2 mA. The IC1 output, which is 
IC2’s input, is 10.5V higher than 25V, 
which is 5.5V with respect to common 
ground.

IC2, a linear regulator whose ground 
pin connects to the common ground, 
accepts input voltages as high as 6.5V. 
Its output is factory-set at 3.3V. Figure 
2 shows the output voltage versus the 
output current for the circuit in Figure 
1 with input voltages of 24.5, 25, and 
25.5V.EDN
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source, which is no more than a few 
10s of microamperes, is harmless to the 
precision of the reference source.

By connecting a high-precision, 
100V resistor between the IOUT pin and 
ground and generating 23 clock pulses, 

you can measure a voltage of 0.400xV 
on this resistor, where xm4, confirming 
the high-precision, constantly flow-
ing current of 4 mA. The actual full-
scale-range error of IC1 is far below its 
guaranteed worst-case value of 60.3% 

full-scale-range error (Ref-
erence 1). Hence, you must 
divide the observed relative 
error of the 4-mA current, 
with a value not exceeding 
0.1%, by four because the 
current scale is 20 mA24 
mA516 mA. The total 
full-scale-range error of the 
DAC in this case is thus less 
than 0.1%/4, or 0. 025%. By 
using the constant-current 
source employing a mono-
lithic DAC, you get high 
resolution, negligible sensi-

tivity to temperature, immunity to sup-
ply-voltage variations, and high initial 
accuracy. Current-output DACs also 
exhibit output resistance in the 10s of 
megohms.

This circuit uses S1 to generate 
the SCLK signal for testing purposes 
only. For power-on-the-go applica-
tions, you can use a free-running clock 
with a frequency as high as 200 kHz. 
You can supply the pull-up resistor at 
the FAULT output and IC2 from the 
AD5422’s DVCC pin.EDN

R e fe r e n ce
 “Single Channel, 12/16-Bit, Serial 
Input, Current Source and Voltage 
Output DACs, AD5412/AD5422,” 
Analog Devices, 2008, www.analog.
com/static/imported_files/data_
sheets/AD5412_AD5422.pdf.

Convert negative inputs  
to positive outputs
Shane Chang and Budge Ing, Maxim Integrated Products, Sunnyvale, CA



edn081205di43911    DIANE
(PLACED IN THE 12-15 FOLDER)

IC1
MAX8574EUT

SW LX

VCC FB

GNDSHDN

IC2
MAX8875EUK33

OUT

IN

POK
SHDN

22 �H

1 �F

1 �F

4.7 �F

1 �F

D1
CMDSH2-3

10 pF R1
2.1M

R2
287k

�5V

GND

POWER OK

100k

COMMON

3.3V

Figure 1 A two-IC circuit converts a 25V input to a 3.3V output.

TABLE 1 Effects of the single 
bits of the control command
D2D1D0=101 Selects 4- to 20-mA current range

D3=0 Disables daisy-chain operation

D4=1 Enables slew-rate control

D7 to D5=101 Selects slew-rate size of 4 LSB

D11 to 
D8=0101

Selects slew-rate update-clock 
frequency of 69.444 kHz

D12=1 Enables outputs

D13=0 Deactivates external-resistor pin

D14=1 Increases output voltage by 10%

D15=0 Concerns only the voltage output

Figure 2 The circuit’s output volt-
age drops as current increases. 
Plots indicate source voltages of 
24.5, 25, and 25.5V.
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