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escap 281112

D.C. Motor

Temporary working range

Graphite/copper commutation system - 9 segments 21 Watt
@17 -3
@ o
M2x3,6 max. g o2 22
2 lee
S
Q
|| 10
|
3
15| (1)
2 412 12,5
scale: 3:4
dimensions in mm
mass: 135 g 28LT12 (=] « 49
Winding types joxz) -219P -219 -416E
Measured values :
1 Measuring voltage v 9.0 18.0 32.0 |
2 No-load speed rpm 7900 7900 7400 |
3 Stall torque mNm {oz-in} 57 (8.1) 63 (8.86) 65 (9.26) !
4 Average no-load current mA 125.0 65.0 35.0
5 Typical starting voltage v - - -~
Max. recommended values
6 Max. continuous current A 2.15 1.13 0.63 i
7 Max. continuous torque mNm (oz-in) 21.6 (3.08) 22.8 (3.23) 24.2 (3.42) |
8 Max. angular acceleration 10° rad/s? 51 53 34 |
Intrinsic p -
9 Back-EMF constant V/1000 rpm 1.12 2.24 4.26
10 Torque constant mNm/A {oz-in/A) 10.7 {1.51) 21.4 (3.03) 40.7 (5.76)
11 Termi i ohm 1.70 6.15 19.9
12 Motor regulation R/k? 10%/Nms 15 13 12
13 Rotor inductance mH 0.10 0.50 2.40
14 Rotor inertia kgm?. 107 10.70 10.70 17.80 .
15 Mechanical time constant ms 16 14 21 |
i
Avaitability: see enclosed document at the '
end of the catalogue :
* Thermal resistance:
rotor-body 5°C/W
i o
R22, 0.6 Nm body-ambient 12°C/IwW
+ Thermal time constant - rotor / stator:
o 17s/760s
« Max. rated coil temperature: 155°C !
M22, 1.5 Nm * Recom. ambient temperature range: M '
-10°C to +80°C (14°F to 176°F) ax. recommended speed
> « Max. axial static force for press-fit: 250 N
R : p i n {rpm) Max. continuous
3 R32, 4.5 Nm * End play: <150 pm output power
2 - Radial play: £18 um
4. F Shaft runout: <10 pm .
+ Max. side load at 5 mm from mounting face: i
- sleeve bearings 6N H
K38, 0.6 Nm. - ball bearings 8N
M + Motor fitted with sleeve bearings
(ball bearings optional)
oo
Li 0 20 40 60 80 100 120 :
Continuous working range i
|
i
1
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E9 Encoder
3 channel optical encoder
P =
notao | connector Quickie I,
cwoogoo | Dupont or equivalent
1—Ai . {on request)
i
ey
U
/J\
7N
/ . o
- , e = et e s e o
2 | ¢ T
\ ' i
______ S
172 ‘ 2
s |
scale: 1:1
dimensions in mm
mass: 6.2g
Characteristics at 22°C
1 Number of lines available 100, 144, 200, 256, 3607, 500"
2 Supply current typical mA 10
’ max. mA 20
stand-by UA 50
3 Output signal CMOS compatible
4 Electrical phase shift between A and B degree 90 + 20
5 Duty cycle % 50 x 10
6 Max. count frequency kHz 200
7 _Operating temperature range at 90% humidity °C -40 10 + 85
8 Code wheel moment of inertia 107 x kgm? 0.12
9 Supply voltage Vee v S £ 10%
Pin out 1 2 3 4 5 ] 7 8 9 10
10 Version 1 GND Vee dir.  stand-by A A B B Z

Available on motor types  22V48 23LT12 23DT12 26N48 28DT12 35NT P530/2.84 P632.04 P850/2.11

11 L = length (mm) 56.2 57.6 7 62.1 85.1 84 57.6 62.3 75.7
12 see page 17 18 19 20 22 23 31 32 33
" ask for a 2R motor type for use with the £9 in 360 and 500 line versions.
Typical encoder output signal
Features
Version 1 P11N g;téaut + 2 channel quadrature output and index
2 Voo puise
4 Siandby" - small size
6 CHA L 1 - integrated direction of rotation detection
5 CHA . + stand-by function with latched state of
L_F'"L_.,,_J_L channels {to desactivate the stand-by
- i - i
s cHB _J— ] r FL.J L mode, connect the pin 4 to the +5 V)
7 ZAB o _ * complementary outputs
) L,,,-J 1T * up/down puise signals {on request)
3 DIR T + CMOS compatible.
f " The input Standby has to be connected
T Te TP R i — 10 0 Ve OF +5 Ve
9 CHZ —™ « single 5 Vee sy
i pply
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NNationul Semiconduct

General Description

The LM231/L.M331 family of voltage-to-frequency converters
are ideally suited for use in simple ow-cost circuits for
analog-to-digital conversion, precision frequency-to-voitage
conversion, long-term integration, linear frequency modula-
tion or demodulation, and many other functions. The output
when used as a voltage-to-frequency converter is a pulse
train at a frequency precisely proportional to the applied in-
put voitage. Thus, it provides all the inherent advantages of
the voltage-to-frequency conversion techniques, and is easy
to apply in all standard voltage-to-frequency converter appli-
cations. Further, the LM231A/LM331A attain a new high
level of accuracy versus temperature which could only be at-
tained with expensive voitage-to-frequency modules. Addi-
tionally the LM231/331 are ideally suited for use in digital
systems at low power supply voltages and can provide
low-cost analog-to-digital conversion in
microprocessor-controlled systems. And, the frequency from
a battery powered voltage-to-frequency converter can be
easily channeled through a simple photoisolator to provide
isolation against high common mode levels.

The LM231/LM331 utilize a new temperature-compensated
band-gap reference circuit, to provide excellent accuracy

June 1999
or

LM231A/LM231/LM331A/LM331
Precision Voltage-to-Frequency Converters

over the full operating temperature range, at power supplies
as low as 4.0V. The precision timer circuit has low bias cur-
rents without degrading the quick response necessary for
100 kHz voltage-to-frequency conversion. And the output
are capable of driving 3 TTL loads, or a high voltage output
up to 40V, yet is short-circuit-proof against V.

Features

u Guaranteed linearity 0.01% max

s Improved performance in existing voltage-to-frequency
conversion applications

Spliit or single supply operation

Operates on single 5V supply

Puise output compatible with all logic forms

Excellent temperature stability, =50 ppm/°C max

Low power dissipation, 15 mW typical at 5V

Wide dynamic range, 100 dB min at 10 kHz full scale
frequency

Wide range of full scale frequency, 1 Hz to 100 kHz
m Low cost

Typical Applications
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**0.1uF or 1uF, See “Principles of Operation.”

Teflon® Is a reglstered trademark of DuPont
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coefficients. See Typical Applications section.

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter
with £0.03% Typical Linearity (f = 10 Hz to 11 kHz)
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Absolute Maximum Ratings (vote 1)

Distributors for availability and specifications.

LM231A/LM231
Supply Voitage ) 40V
Qutput Short Circuit to Ground Continuous
Qutput Short Circuit to Ve Continuous
Input Voltage -0.2V to +Vg
T Tmax

Operating Ambient Temperature Range —25°C to +85°C
Power Dissipation (P at 25°C)

and Thermal Resistance (6;4)

LM331A/LM331

40V
Continuous
Continuous
~0.2V to +Vg

Twn  Tmax
0°C to +70°C

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/

(N Package) Pp 1.25W 1.25W
Bja 100°C/W 100°C/W
Lead Temperature (Soldering, 10 sec.)
Duai-In-Line Package (Plastic) 260°C 260°C
ESD Susceptibility (Note 4)
N Package 500V 500V
Electrical Characteristics
TA=25"C unless otherwise specified (Note 2)
Parameter Conditions Min Typ Max Units
VFC Non-Linearity (Note 3) 4.8V < Vg £ 20V +0.003 +0.01 % Full-
Scale
T < Ta € Tiax +0.006 +0.02 % Full-
Scale
VFC Non-Linearity Vg =18V, f= 10 Hz to 11 kHz +0.024 +0.14 %Full-
In Circuit of Figure 1 Scale
Conversion Accuracy Scale Factor (Gain) | Vi = =10V, Rg = 14 kQ .
LM231, LM231A 0.95 1.00 1.05 kHz/vV
LM331, LM331A 0.90 1.00 1.10 kHz/V
Temperature Stability of Gain Taain S Ta S Tyaxs 4.5V S Vg <20V
LM231/LM331 +30 +150 ppm/°C
LM231A/LM331A +20 +50 ppm/°C
Change of Gain with Vg 45V sVg 510V 0.01 0.1 %IV
10V < Vg < 40V 0.006 0.06 ol V
Rated Full-Scale Frequency Vin = =10V 10.0 kHz
Gain Stability vs Time Tuin = Ta S Tmax +0.02 % Full-
(1000 Hrs) Scale
Overrange (Beyond Full-Scale) Frequency | Vi = ~11V 10 %
INPUT COMPARATOR
Offset Voltage +3 +10 mv
LM231/.M331 Tain € Ta < Tpax E +14 mv
LM231A/LM331A Tain S Ta € Tvax +3 +10 mv
Bias Current -80 -300 nA
Offset Current +8 +100 nA
Common-Mode Range T S Ta S Tyax -0.2 Vee-2.0 \
TIMER
Timer Threshold Voitage, Pin 5 0.63 0.667 0.70 x Vg
Input Bias Current, Pin 5 Vg = 18V
All Devices 0V < Vpy s S 9.9V +10 +100 nA
LM231/LM331 Ve s = 10V 200 1000 nA
LM231A/LM331A Ve s = 10V 200 500 nA
www.national.com 2 PTINO ELEST




Electrical Characteristics (continued)

Ta=25°C unless otherwise specified (Note 2)

Functional Block Diagram

Parameter Conditions | Min l Typ Max l Units |m——————— e e _ -
TIMER i [ = ]
Vgar pin 5 (Reset) [1=5mA I | o2 05 [ Vv | raccin |
CURRENT SOURCE (Pin 1) | REFLECTOR |
>
Output Current Re=14 kQ, Ve =0 I 3"
L.M231, LM231A 126 135 144 ].lA | CURRENT l
SWITCH ——————— - INPUT
LM331, LM331A 116 136 156 pA i | CONPARRTOR I,
Change with Voltage OV < Ve 1 S 10V 0.2 1.0 A —— \ t COMPARATOR
Current Source OFF Leakage T | | I P
LM231, LM231A, LM331, LM331A 0.02 10.0 nA nerenence | 81As — W Vge !
R CURRENT 4 130 vpe CURRENTS as ] L
All Devices Ta=Tumax 2.0 50.0 nA [~z 1 oA FLIPFLOP Ih
Operating Range of Current (Typical) (10 to 500) A | | T TIMER [
REFERENCE VOLTAGE (Pin 2) -ll FRoE[?r!{:Eu'!r“l — COMPARATOR 3 i;
REFERENCE ¥
LM231, LM231A 1.76 1.89 2.02 Voo - aRcuiT 'J i r Re
LM331, LM331A 1.70 1.89 2.08 Vpe L, . } oureut RS o L
Stability vs Temperature +60 ppm/"C ? 3 [
Stability vs Time, 1000 Hours 0.1 % | ' e | :#: o
LOGIC OUTPUT (Pin 3) | : ® L
Vsar =5 mA 0.15 0.50 \' | L 1
1=3.2 mA (2 TTL Loads), Taun<Ta<Twmax 0.10 0.40 v N oo T T T T T L
OFF Leakage £0.05 1.0 pA = = T o
SUPPLY CURRENT Pin numbers apply to 8-pin packages oniy.
LM231, LM231A Vg=5V 2.0 3.0 4.0 mA FIGURE 2.
LM331, LM331A Vg=40V 2.5 4.0 6.0 mA
Vg=5V 1.5 3.0 6.0 mA
Vg=40V 2.0 4.0 8.0 mA
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.
Note 2: All specifications apply in the circuit of Figure 4, with 4.0V<Vg<40V, unless otherwise noted.
Note 3: Nonlinearity is defined as the deviation of foyt from Vi x (10 kHz/~10 Vpg) when the circuit has been trimmed for zero error at 10 Hz and at 10 kHz, over
the frequency range 1 Hz to 11 kHz. For the timing capacitor, Ct, use NPQ ceramic, Teflon®, or polystyrene. ~
Note 4: Human body modet, 100 pF discharged through a 1.5 kQ resistor.
2 L NG EIEST'  wow national carm wwwnational.com 4 NTINO ELEST




Typical Performance Characteristics
(All electrical characteristics apply for the circuit of Figure 4, unless otherwise noted.)

Nonlinearity Error. Nonlinearity Error vs Power

Nonliinearity Error

Typical Performance Characteristics (Continued)

Power Drain vs Vgyppy

Output Saturation Voltage vs

Nonlinearity Error, Precision

as Precision V-to-F +0.03 pm Supply Voltage
Converter (Figure 4 ) 0026
x.«\n.nz I
+0.04 3 0.028
= & +081 H
< 108 SPEC LI S 3
S sz \ r ol £ o1
& .01 AR AUAIRRIOA H 3 S
- s u SPEC LIMIT
E oo Ry S oo [ —
S -00t b 3 3 1
& 0.0 e i TR 2 g0z 1 2 L1
3 .
Z 002 . SPEC LifI 0.005
2 .om -0.03 L
~-0.04 0.0001 100 2.000
FREQUENCY, Kz 5 10 15 20 25 38 35 40
0 2z 4 § 8 W 12

DS005880-34

lgur, mA

DS005680-35

5 lour (Pin 3) F-to-V Converter (Figure 7)
' 32 ™7
] +26°C. 28 H I’ +0.04
~55°1 2
5% >1¢¢' 24 550 [ Voee 2003
: 2 / 2
E ; > g £ am
Kd 2 P +125°C -3 // £
> ¥ 3
12 5 -001
S
1 08 5 -0
2 -00
s 04 -0.04
5 10 15 20 25 30 35 40 N
VsueeLy. V ] 50 ¢ 2 4 5 & 10 12

FREQUENEY, kHz
DS005680-38

DS0056880-26 POWER SUPPLY VOLTAGE, Vs
FREQUENCY, kHz DS005680-27
DS005680-25
Frequency vs Temperature Vger Vs Temperature Output Frequency vs
10.06 1.930 VSUPPLY
1.928 I l
10.04 1.926 +2.0 I M—
N et

£ e 1528 x s S
o 1922 | % 0 ¢
o > T~ = i m
Z 1000 < 1920 ERR
& & g, D | Tyeicar
< > 1918 m 1
= 998 ™~ -
- 1.916 = 5 -05 i

096 1914 £ -

1912 @ 18 -
8.94 1410 ~2.0 l |
-85 -25 +25 +75 +126 ~15 -25 +25 +15 +125+150

TEMPERATURE, °C

TEMPEAATURE, °C

§ 10 15 20 25 30 35 40

DS005680-28 DS005680-20 VsuppLy, vV
DS005680-30
&
100 kHz Nonlinearity Error Noniinearity Error Input Current (Pins 6,7) vs
(Figure 5) (Figure 1) Temperature
200
+004 +0.04
#4003  40.03 150
S +m 5 wa . 2
& s & o £ Rl BN
E o [ / 2 ™~
< — S Y & 50 ~d 1B
g - L = - S 3 \T\N
= z V =
3 -002 S ~0.02 ~ 2 0 —
H z = 1 108
2 -0.03 2 -003 -
-0.08 0.0 -50
0 2 40 60 B0 00 120 0 2 4 § 83 W 2 75 .25 425 HI5 +125 +150
FREQUENCY, kHz FREQUENCY, kHz TEMPERATURE, °C
DS005630-31 DS005680-32 " psooseso-aa

Typical Applications

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONVERTER

The LM231/331 are monolithic circuits designed for accu-
racy and versatile operaton when applied as
voltage-to-frequency (V-to-F)  converters or as
frequency-to-voltage (F-to-V) converters. A simpiified block
diagram of the LM231/331 is shown in Figure 3 and consists
of a switched current source, input comparator, and 1-shot
timer.

The operation of these blocks is best understood by going
through the operating cycle of the basic V-to-F converter,
Figure 3, which consists of the simplified block diagram of
the LM231/331 and the various resistors and capacitors con-
nected to it.

The voltage comparator compares a positive input voltage,
V1, at pin 7 to the voltage, V,, at pin 6. If V1 is greater, the
comparator will trigger the 1-shot timer. The output of the
timer will turn ON both the frequency output transistor and
the switched current source for a period t=1.1 R,C,. During
this period, the current i will flow out of the switched current
source and provide a fixed amount of charge, Q=i x t, into
the capacitor, C, . This will normally charge V, up to a higher
level than V1. At the end of the timing period, the current i will
turn OFF, and the timer will reset itself.

Now there is no current flowing from pin 1, and the capacitor
C, will be gradually discharged by R,_until V, falls to the level
of V1. Then the comparator will trigger the timer and start an-
other cycle. '

The current flowing into C,_is exactly tave = i x (1.1xR,Cy) x
f, and the current flowing out of C_is exactly V./R_ = V\/R..
If Vy is doubled, the frequency will double to maintain this
balance. Even a simple V-to-F converter can provide a fre-
quency precisely proportional to its input voltage over a wide
range of frequencies.

s A ]
Vs VWA !

2 SWITEHED
CURARENT
SOURCE

vigsic

FREQUENCY
ourruT

ONE-SHOT
COMPARATOR, TIMER

DS005680-4

FIGURE 3. Simplified Block Diagram of Stand-Alone
Voltage-to-Frequency Converter and
External Components

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (Figure 2)

The block diagram shows a band gap reference which pro-
vides a stable 1.9 Vg output. This 1.9 V¢ is well regulated
over a Vg range of 3.9V to 40V. [t also has a flat, low tem-
perature coefficient, and typically changes less than %%
over a 100°C temperature change.

The current pump circuit forces the voitage at pin 2 to be at
1.9V, and causes a current i=1.90V/Rg to flow. For Rg=14k,
i=135 pA. The precision current reflector provides a current
equal to i to the current switch. The current switch switches
the current to pin 1 or to ground depending on the state of
the Rg flip-flop.

The timing function consists of an Rg flip-flop, and a timer
comparator connected to the external R,C, network. When
the input comparator detects a voltage at pin 7 higher than
pin 6, it sets the Rg flip-flop which turns ON the current
switch and the output driver transistor. When the voltage at
pin 5 rises 10 %4 Vg, the timer comparator causes the Rg
flip-flop to reset. The reset transistor is then turned ON and
the current switch is turned OFF,

Howaever, if the input comparator still detects pin 7 higher
than pin 6 when pin 5 crosses %5 Ve, the flip-flop will not be
reset, and the current at pin 1 will continue to flow, in its at-
tempt to make the voitage at pin 6 higher than pin 7. This

= DT8O

T FEQT wwwnational.com

www. national com

8

nT9/N0 P T QT




Typical Applications (Continued)

condition will usually apply under start-up conditions or in the
case of an overload voltage at signal input. it should be
noted that during this sort of overioad, the output frequency
will be 0; as soon as the signal is restored to the working
range, the output frequency will be resumed.

The output driver transistor acts to saturate pin 3 with an ON
resistance of about 50Q. In case of overvoltage, the output
current is actively limited to less than 50 mA.

The voltage at pin 2 is regulated at 1.90 V¢ for all values of
i between 10 pA to 500 pA. It can be used as a voltage ref-
erence for other components, but care must be taken to en-
sure that current is not taken from it which could reduce the
accuracy of the converter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FREQUENCY CONVERTER (Figure 1)

The simple stand-alone V-to-F converter shown in Figure 1
includes all the basic circuitry of Figure 3 plus a few compo-
nents for improved performance.

Aresistor, Rjy=100 kQ=x10%, has been added in the path to
pin 7, so that the bias current at pin 7 (~80 nA typical) will
cancel the effect of the bias current at pin 6 and help provide
minimum frequency offset.

The resistance Rg at pin 2 is made up of a 12 kQ fixed resis-
tor plus a § kQ (cermet, preferably) gain adjust rheostat. The
function of this adjustment is to trim out the gain tolerance of
the LM231/331, and the tolerance of R,, R_and C,.

For best results, all the components should be stable
low-temperature-coefficient components, such as metal-film
resistors. The capacitor should have low dielectric absorp-
tion; depending on the temperature characteristics desired,
NPO ceramic, polystyrene, Teflon or polypropylene are best
suited.

Acapacitor Cyy is added from pin 7 to ground to act as a filter
for V. A value of 0.01 pF to 0.1 uF will be adequate in most
cases; however, in cases where better filtering is required, a

1 pF capacitor can be used. When the RC time constants are
matched at pin 6 and pin 7, a voltage step at V,,, will cause
a step change in four. if Gy is much less than C, a step at
V may cause foyt to stop momentarily.

A 47Q resistor, in series with the 1 pF C, is added to give
hysteresis effect which helps the input comparator provide
the excellent linearity (0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (Figure 4)

In this circuit, integration is performed by using a conven-
tional operational amplifier and feedback capacitor, Cg.
When the integrator’s output crosses the nominal threshold
level at pin 6 of the LM231/331, the timing cycle is initiated.
The average current fed into the op amp’s summing point
(pin 2) is i x (1.1 RCy x f which is perfectly balanced with
=Vin/Rin. In this circuit, the voitage offset of the LM231/331
input comparator does not affect the offset or accuracy of the
V-to-F converter as it does in the stand-alone V-to-F con-
verter; nor does the LM231/331 bias current or offset cur-
rent. Instead, the offset voltage and offset current of the op-
erational amplifier are the only limits on how smail the signal
can be accurately converted. Since op amps with voitage off-
set well below 1 mV and offset currents well below 2 nA are
available at low cost, this circuit is recommended for best ac-
curacy for small signals. This circuit aiso responds immedi-
ately to any change of input signal (which a stand-alone cir-
cuit does not) so that the output frequency will be an
accurate representation of V,y, as quickly as 2 output pulses’
spacing can be measured.

In the precision mode, excellent linearity is obtained be-
cause the current source (pin 1) is always at ground potential
and that voltage does not vary with Vy or four. (In the
stand-alone V-to-F converter, a major cause of non-linearity
is the output impedance at pin 1 which causes i to change as
a function of V).

The circuit of Figure 5 operates in the same way as Figure 4,
but with the necessary changes for high speed operation.

- TYT1H/70

Typical Applications (continued)

Ry
10k 10% 10k 105 % b sk 1m
___.__I\M,—-—-A

Cy
8 0.01:F*

] 5
10%
= 2 v, =
LM331 LOGIC
3 foyy
10 kHz

X
U FULL-SCALE

2%

ADJUST
Fin o

vin 100k - 1% % =

-10v

FULL SCALE

m 100k < 10% 1N800Z

Vs
OPTIONAL
OFFSET ADJUST

20670 1M =

DS005660-5

4 VN Bs, 1.
OUT = 209V "Rin - RiCt
*Use stable P with low temp Sea Typical Applications section.

**This resistor can be 5 kQ or 10 kQ for Vg=8V to 22V, but must be 10 kQ for V5=4.5V to 8V.
***Use low offset voltage and low offset current op amps for At: recommended type LF411A

FIGURE 4. Standard Test Circuit and Applications Circuit, Precision Voltage-to-Frequency Converter
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Typical Applications (Continued)

DETAILS OF OPERATION, FREQUENCY-TO-
VOLTAGE CONVERTERS (Figure 6 and Figure 7)

In these applications, a pulse input at fyy is differentiated by
a C-R network and the negative-going edge at pin 6 causes
the input comparator to trigger the timer circuit. Just as with
a V-to-F converter, the average current flowing out of pin 1 is
laveraace = i x (1.1 RCY x .

In the simple circuit of Figure 6, this current is filtered in the
network R = 100 kQ and 1 iF. The ripple wilt be less than 10
mV peak, but the response will be slow, with a 0.1 second
time constant, and settling of 0.7 second to 0.1% accuracy.

In the precision circuit, an operational amplifier provides a
buffered output and also acts as a 2-pole filter. The ripple will
be less than 5 mV peak for all frequencies above 1 kHz, and
the response time ‘will be much quicker than in Figure 6.
However, for input frequencies below 200 Hz, this circuit will
have worse ripple than Figure 6. The engineering of the filter
time-constants to get adequate response and smali enough
ripple simply requires a study of the compromises to be
made. Inherently, V-to-F converter response can be fast, but
F-to-V response can not.

Vs
3
it
1+ 10% 10K 10%% Bk 11%*
Ce
8 390pF *
1 [J 5
! L
= 0801 4F e =
w2z LMzt Vs =
- s
1 Iz
20k Ske1g* 7 FULL SCALE
Rg
Ak B <
AblusT - 2%
= A o
Vv 100k £1%% = T;F
ol ‘V‘V‘V
FULLSEALE
0.001 4F
14002
vg 4
GPTIONAL ‘
OFFSET ADSUST =
20670 1M =
DS005680-8

*Use stable components with low temperature coefficients.
See Typical Applications section.

**This resistor can be 5 k or 10 kQ for Vg=8V to 22V, but must be 10 k2 for Vg=4.5V to 8V.
***Use low offset voltage and low offset current op amps for A1: recommended types LF411A or LF356.
FIGURE 5. Precision Voitage-to-Frequency Converter,
100 kHz Fuil-Scale, %0.03% Non-Linearity
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Typical Applications (Continued)

g« ~4.5V TO 20V

Vg~ 15Y 3
£l 6.8k - 1
5
3 Iyt g‘m F
Stk s 1 11V
5 ] 1:
o R
Iu,m uf* 2
Lm33 =
. Tout 12k = e
Vour
Rs
L gr
12x: 1% 4 13 AR Sapnaye sk
2

As = =
1 " =

DS005880-7
. L
Vout = fin X 2.08V = B (RiCy Re
s Vout = —fiy X 209V % Rs * (RCy

*Use stable components with low temperature coefficients. Vg — 2V)

) SELECT Ax = =5 =1

FIGURE 6. Simple Frequency-to-Voitage Converter, 0.2mA
10 kHz Full-Scale, +0.06% Non-Linearity *Use stable with low -

FIGURE 7. Precision Frequency-to-Voitage Converter,
10 kHz Full-Scale with 2-Pole Filter, +0.01%
Non-Linearity Maximum

Light Intensity to Frequency Converter

5V T HISV
8 2ax
Ju
1
3 3 touTu
2 1o0kts
. A s $ ULL STALE
TN 7 :: 6A1h Ry
\\ 10k L...4
LIGHT
INPUT 4
0.001uF < sk ] Ay~ 3306F &
.
5«
=L
DS005680-9
*L14F-1, L14G-1 or L14H-1, photo transistor (General Electric Co.) or similar
Temperature to Frequency Converter
vs
+4.5V T0 +20V
3 :; 2
[APTRS f
3 3
3 fpyy o TEMP
0.1uF = LM >
ve ks L :; S8tk 1R JOHIK
2 5 <
imz3a/ !
L3z 12k 1% 4
wden Cy .
V- T 001 :F
232
1% 5%

DS005880-10
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Typical Applications (continued)

Long-Term Digital Integrator Using VFC

Basic Analog-to-Digital Converter Using

Typical Applications (continued)

Voltage-to-Frequency Converter with Square-Wave Output Using + 2 Flip-Flop

-+Vg = +4.0Vpe TO +15Vpo¢e

ws Voltage-to-Frequency Converter
Vg
l OATA T
COUNTER
g
e [——a
i m—
2" 1:20 BINARY | D 17
vecgeoml Pl caaan LS} couwten i | OThurs i four counten | waren > L Outeur
Lm33! C4045 MM7acezs [ o [TT0 O1SPLAY LIINA b
i OR SIMILAR ORSIMILAR [T o0 | OR COMPUTER vin COMPUTER
- > e
PRESEALEHI [
L ENABLE
{RESET}
DS005680-11
STABLE CLOCK 1.0 Hx TO 100 Hz)
DS005680-12
Analog-to-Digital Converter with Microprocessor
s +
B
VFC Mo
USING MICROPADCESSOR
LMITTA ’ s
VIN oyt
COUNTER
(0P ] A
PHOTOISOLATOM) = L
LLOCK
- DS005880-13
Remote Voitage-to-Frequency Converter with 2-Wire Transmitter and Receiver
FREQUENCY
oUTPUT
70 VFC Ml o 2UT | LM3soLAZ 5.0
CIRCUITRY REGULATOR — 115V
]
GND
7509
LM331 POWER
SUPPLY
ViN 3
——]
4
DS005680-14
44 ™wWT1T A0 T O™

CLR PRE
+Vg [
47k
VFC
CIRCUIT
USING
ViN L3317 F CLOCK
> T ¥; MM74C74
OR SIMILAR
ol

four=Fi2
SQUARE
WAVE

DS005880-15

Voitage-to-Frequency Converter with Isolators

+Vs
3
s +VLo6IC
VFC
USING <
M3t \
— ~
fout
OPTOISBLATOR
4N28 OR
L SIMILAR
Voltage-to-Frequency Converter with Isolators
+Vg
B wLogle
HIGH VDéTAGE ?
4
TRANSFORMER
TN
[
L ouT
VFC b3
USING >
LM33t S
ViN .
foyt b3
<>
1 COMPARATOR
. L.
- - HYSTERESIS
DS005880-17
wranat maticmal mare 11290

ey T YT




Typical Applications (Continued)

Voltage-to-Frequency Converter with Isolators

Vg
+Viogie
et 2 22 Y
MPE fouv
USING TRANSMITTER RECEIVER tayr
LM331
Viy
oL TELEMETRY L
- RF LINK =
DS005680-18
Voltage-to-Frequency Converter with Isolators
Vs
Wigeie
Tk
T0 COMPUTER
VF L
A FIBEA-OPTIC 50 COUNTER
vy LIGHT PIPE T0ETOY
v f ER
ML ouT USING LM1a1
DS005680-18

Connection Diagram

Dual-In-Line Package

CURRENT __1] \ 18 v,
ouTPUT s
REFERENCE __2] 17 COMPARATOR
CURRENT INPUT
FREQUENCY __3] 16 THRESHOLD
ouTPUT
oo —d LY
TOP VIEW
DS005880-21
Order Number LM231AN, LM231N, LM331AN,
or LM331N

See NS Package Number NOSE
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TLAS4
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1883 — REVISED MAY 2002

Complete PWM Power-Control Circuitry D, DB, N, NS, OR PW PACKAGE

. P VI
® Uncommitted Outputs for 200-mA Sink or & EW)
Source Current 1N+ 1 ™ 16[] 2IN+
® Output Contro} Selects Single-Ended or 1N-[] 2 15[} 2IN-
Push-Pull Operation FEEDBACK[{3  14[IREF
® |nternal Circuitry Prohibits Double Pulse at DTCf]4 13 f] OUTPUT CTRL
Either Output cTl}s 12{] Ve
® Variable Dead Time Provides Control Over RT{is ulife]
Total Range GND[] 7 10§ E2
® Internal Regulator Provides a Stable 5-V cilie sflet

Reference Supply With 5% Tolerance

® Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates all the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC)
comparator, a pulse-steering control flip-flop, a 5-V, 5%-precision reguiator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from —-0.3 V to Vo — 2 V. The dead-time control
comparator has a fixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous muttiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the
output-control function. The architecture of this device prohibits the possibility of either output being pulsed twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494| is characterized for operation from

—40°C to 85°C. -
AVAILABLE OPTIONS
PACKAGED DEVICES
AL | pLASTIC SMALL SHRINK | THIN SHRINK
Ta OUTLINE DIp OUTLINE SMALL SMALL
) e NS) OUTLINE OUTLINE
(DB) (PW)

0°C to 70°C TL494CD TL434CN TLAS4CNS TL494CDB TL4%4CPW
~40°C to 85°C TL494ID TL494IN — — —_

The D, DB, NS, and PW packages are available taped and reeled. Add the sufiix R to device type (e.g.,
TL494CDR).

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information Is currsnt as of publication date . Copyright @ 2002, Texas Instruments Incorporated
Products conform Io specifcations po the tams of Texai menta @ (
e i TExXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1
DT17/29
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TLA94

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D — JANUARY 1983 — REVISED MAY 2002

FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
Vi=GND Single-ended or parallei output
V| =Vief Normal push-pull operation

functional block diagram

OUTPUT CTRL
(see Function Table)
13
5 [osetsor
et 5 al
1D c1
- Dead-Time Control
4 01V Comparator 9 gq
DTC —rj}— >c1
_ PWM Qz 11
s Error Ampfifier 1 Comparator - c2
NN oo 3 10
E2
ANeZ Pulse-Steering
Flip-Flop
Error Amplifier 2 12 v
aneTS ce
15
2N Reference 14
Regulator REF
—D 7 anD .
3 > ¥
FEEDBACK 0.7mA

“.’?‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

DT18/29
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TLA94
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D ~ JANUARY 1883 ~ REVISED MAY 2002

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t

Supply voltage, Vog (see Note 1) .oou o ie 41V
Amplifier input voitage, Vi ..o it Veg+03V
Collector output voltage, Vo ..o vvviivi i P, 41V
Collectoroutput current, g ..o ... 250 mA
Package thermal impedance, 8 (see Note 2 and 3): D package ............. ... T3°C/W
DB package .................... ... 82°C/W
Npackage ..................... . B7°C/w
NSpackage ....................... . B4°C/W
PWpackage ...................... 108°C/W
Lead temperature 1,6 mm (1/16 inch) from casefor 10seconds ............................... 260°C

Storage temperature fange, Tetg - «sv-nervsernraie it ~65°C to 150°C

T Stresses bayond those listed under “absolute maximum ratings* may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indi d under *r operating conditions” is not
impiied. E: e to absc im-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values are with respect to the network ground terminal.

2. Maximum power dissipation is a function of T j{max), 8, and TA. The maximum aliowable power dissipation at any aflowable
ambient temperature is Ppy = (T j(max) ~ TA)/6 A. Operating at the absolute maximum T of 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN MAX | UNIT
Vee Supply voltage 7 40 v
Vi Amplifier input voltage -0.3 Vo2 v
Vo Collector output voltage 40 \
Collector output current {each transistor) 200 mA
Current into feedback terminal 0.3 mA
fasc Oscillator frequency 1 300 | kHz
CT Timing capacitor 0.47 10000 nF
RT Timing resistor 1.8 500 kQ
TL494C 0 70
TA Operating free-air temperature °C
TL494| ~40 85
¥ ~
TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3
DT19/29
ELEST



TL494 TLA94
PULSE-WIDTH-MODULATION CONTROL CIRCUITS PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D ~ JANUARY 1983 — REVISED MAY 2002 SLVS074D ~ JANUARY 1883 — REVISED MAY 2002

electrical characteristics over recommended operating free-air temperature range, Vog = 15 V, electrical characteristics over recommended operating free-air temperature range, Vg =15V,
f=10 kHz (unless otherwise noted) f =10 kHz (unless otherwise noted)
reference section output section
TL494C, TL494] PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
PARAMETER TEST CONDITIONST UNIT
MIN TYPET MAX Caliector off-state current Voe =40V, Vee =40V 2 100)] pA
Output voitage (REF) lo=1mA 475 5 525 v Emitter off-state curent Vee =V =40V, Ve=0 -100 A
input requiation Vec=7Viod0V 2 25 mV . . Common emitter { Vg =0, Ic =200 mA 1.1 1.3
- Collector-emitter saturation voltage - \
Output reguiation io=1mAto 10 mA 1 15 mV Emitter follower Vo(ctorc2) =15V, Ig=-200 mA 15 25
Output voltage change with temperature ATA = MIN to MAX 2 10| mvv Output control input current V| = Vref 35| mA
Short-circuit output current§ REF=0V 25 mA T All typical values except for temperature coefficient are at Ta = 25°C.
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. dead-time control section (see Figure 1)
1 All typical values, except for p changes with p are at Tp = 25°C.
§ Duration of the short circuit should not exceed one second. PARAMETER TEST CONDITIONS MIN TYPT MAX]| UNIT
oscillator section, C1 = 0.01 uF, Ry = 12 kQ (see Figure 1) input bizs current (DEAD-TIME GTRL) N=010520Y 2 o) wA
TLAo Tidom Maximum duty cycle, each output Vi (DEAD-TIME CTRL) =0, C1 = 0.01 uF, Ry = 12kQ 45%
PARAMETER TEST CONDITIONST YT : < UNIT out threshold voltage (DEAD-TIME GTRL | 257,300 cycle 3 s3],
: TYPE  MAX Input threshold voltage ( ) Maximum duty cycle 0
requen
bl 10 khz T All typical values except for temperature coefficient are at T = 25°C.
Standard deviation of frequencyT Ali values of Ve, CT, RT, and T constant 100 Hz/kHz . .
Frequency change with voltage Vee=7Vio40V, Ta = 25°C 1 prapyT™ PWM comparator section {see Figure 1)
Frequency change with temperature? ATA = MIN to MAX 10 | Hz/kHz PARAMETER TEST CONDITIONS MIN_TYPT MAX| UNIT
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. Input threshold voltage (FEEDBACK) Zero duty cycle 4 451 Vv
$ Al typical values, except for p with temperature, are at Tp = 25°C. Input sink current (FEEDBACK) V (FEEDBACK) = 0.7 V 03 07 mA
i Standard deviation is a measure of the statistical distribution about the mean as derived from the formula: T All typical values except for temperaire coefficient are at Tz = 25°C.
total device
o= PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
2 7 ; Vec=15V 5 10
# Temperature coefficient of timing capacitor and timing resistor are not taken into account, Standby supply current RT=Vrgf,  All other inputs and outputs open Voo =40V 5 =] ™
error-amplifier section (see Figure 2) ] Average supply current Vi (DEAD-TIME CTRL) =2V, See Figure 1 75 mA
| " : = D50
TLA494, TL494I T All typical values except for temperature coefficient are at Ta = 25°C.
PARAMETER — TEST CONDITIONS UNIT | o e P
MIN TYPE MAX | s : 0
Input offset voltage Vo (FEEDBACK) = 2.5V 2 101 mv | switching characteristics, Tp = 25 c
Input offset current Vo (FEEDBACK) = 2.5V 25 250 nA PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
Input bias current Vo (FEEDBACK) =25V ise ti
P ol )=25 02 ! HA Rise }1me Commo itter configuration, See Figure 3 100 200 s
Common-mode input voltage range | Voo =7 Vio 40V \70 -3 ‘g v Fail time - 25 100 ns
CC— Rise time Emitter-foll fiauration See Fi 100 200 ns
Open-loop voltage amplification ANo=3V, RL=2k2,  Vo=05V1035V 70 95 ® ; Falfme mitter-foflowsr configuration. e Figure 4 0100 e
Unity-gain bandwidth Vp=05Vi35V, RL=2kQ 800 kHz ! T Al typical vaiues except for temperature coefficient are at A = 25°C.
Common-mode rejection ratio AV =40V, Ta = 25°C 65 80 dB i
Qutput sink current (FEEDBACK) Vip=-15mVto-5V, V (FEEDBACK) =0.7 V 0.3 0.7 mA :
Output source current (FEEDBACK) |Vip=15mVto5V, V(FEEDBACK) = 3.5V -2 mA

TAl typical values, except for parameter changes with temperature, are at Ta =25°C.

X3 Texas ' , *3 Texas
) | INSTRUMENTS INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 5
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SLVS074D - JANUARY 1983 - REVISED MAY 2002 .

PARAMETER MEASUREMENT INFORMATION

PARAMETER MEASUREMENT INFORMATION

Vec=15V Amplifier Under Test
Vi FEEDBACK
12 158 Q 150 Q
V. 2w 2w

cC '

4 8 .

Test ———1 bTC (3] * Output 1 :

Inputs 3 9 | [—————
FEEDBACK E1 1
12kQ 6 11 = i = Vrot
RT c2 Output 2 Other Ampiifier
5 10 i
E— CcT E2 . . .
1 Figure 2. Amplifier Characteristics
0.01 yF =
1
] 1IN+
2
16 HN={ Emor 15V
_j_ 2IN+ [ Amplifiers
tput
13} ouTPuT ReF |14 Sach outpu
| cTRL Output
4 GND “—“_t €L =15 pF
SokQ % _L7 —I (See Note A)
H =
TEST CIRCUIT i

TEST CIRCUIT
NOTE A: C|_ includes probe and jig capacitance.

OUTPUT VOLTAGE WAVEFORM

Voltage Vee Figure 3. Common-Emitter Configuration
= U0 I |
———————— ov ¥
Voltage —\ m I‘_H—‘—l H I’“l l'—H'—”'—_ Vee 15V
AN P I I R N SN N O A 1 | oV Each Output .
. —_— Circuit
atCT ‘ Output oo
o
Threshold Voltage —— 68 Q |
2w

DTC | Cp=15pF == | | 10%

| {See Note A) ] I

|
ov | i = [t ey
! |
| | Threshold Voltage —-——— TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM
FEEDBACK | | ) )

i | | i NOTE A: Cy_includes probe and jig capacitance.
07V | i

1 le—— o i Figure 4, Emitter-Follower Configuration

Duty Cycle 0% —H—p] MAX le— 0% —» j ¢}
VOLTAGE WAVEFORMS i
Figure 1. Operational Test Circuit and Waveforms !
¥ 3 1
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{ - Osclllator Frequency and Frequency Varlation ~ Hz

T Frequency variation (4f) is the change in oscillator frequency that occurs over the full temperature range.

A — Amplifier Voltage Amplification - dB

TYPICAL CHARACTERISTICS
OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONT
vs
TIMING RESISTANCE
100 k
e o i =R Vee =15V
40k T T e Ta=25°C 1f
L o 1 I ) R R
10K bt Z1% ] 0.001 uF
4k e o A e o
11 N |
1k / 0.4 pF s
. e o
400 RN 1] ' LN
} i bf'=1% ]
| / 0
100 fi—
L CT=1uF "g— T
40 ~-
™ N
v K]
10 D
1k 4k 10k 40k 100k 400k 1M

Rt ~Timing Resistance — Q

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION

100

vs
FREQUENCY

S0

i
= Ve =15V

AVg=3V
\ TA=25C |

80

70

N

60

AN

50

40

30

N\

20

N\

10 100 1k 10k 100k 1M
f - Frequency — Hz

Figure 6
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T RQT

UDN2953B

e [0 3
v,,u/ BRAKE ouT,
RC (TIMING) A
GROUND GROUND
GRQUND GROUND
Yo SENSE
PHASE ouT,
OUTPUT ENABLE Ves
ACTIVE LOw}
Dwg. No. A-13,024

ABSOLUTE MAXIMUM RATINGS
at T, < +150°C

Motor Sl.{pply Voltage, V;B
+Output Current, lo, . N
D3 Peak)

~-— {Continuous} . .
_Fiyback Diode Vottage, V, . . Vs
s Mmimum Clamp Diode Vottage, T,

R /A Ground

\-,W.A._\”m. Vouaig «oerreenenens
Senss Vottage, Vegyes - - - -
.Reference Voltage, V, RAKE
;Package Power Dissipation, -
P, < -

:‘_Dperaﬁng Temperature Range,
G Taemee 20°C't
“Storage Temperature Range,

J Ty -55°C to +150°C

g2'61€6¢C
198YS BIBQ

FULL-BRIDGE
PWM MOTOR DRIVERS

The UDN2853B and UDN2954W are designed for bidirectional
control of de or stepper motors with continuous output currents 1o 2 A
and peak start-up cufrents as high as 3.5 A. For pulse-width modulated
{chopped-mode) operation, the output current is determined by the-
user's selection of a reference voltage and sensing resistor while the
OFF puise duration is set by an external RC timing network. PWM
operation is characterized by maximum efficiency and low power-
dissipation levels. Extensive intemal circuit protection inciudes thermal
shutdown with hysteresis, transient-suppression diodes, and crossaver
current protection. . . =

When the V_./BRAKE pin is low (<0.8 V), the braking function is
enabled. This tums both sink drivers OFF and the source drivers are
turned ON."When V,../BRAKE is set above 2.4 V; that voltage (and the
current sensing resistor) determines the load current trip point. An RC

TIMING pin is available to use for an intemal one-shot to control load
current decay time.

The UDN2353B driver is supplied in a 16-pin dual-in-fine plastic
package with copper heat-sink contact tabs. The lead configutation
enables easy attachment of a heat sink while fitting a standard inte-
gra!P:d circuit socket or printed wiring board layout. The UDN2954W,
for higher package power dissipation requirements, is supplied in a
12-pin single in-line power tab package. In both package styles, the
heat sink is at ground potential and needs no insulation.

FEATURES

W 50 V Output Voltage Rating
X 2 A Continuous Output Rating
W Internal Flyback Diodes
" R Therma! Shutdown .
| Crossover Current Protection :
R BRAKE, ENABLE, and Current-Limit Functions

Always order by complete part number:

Part Number Package
UDN29538 16-Pin DIP
UDN2954W 12-Pin Power-Tab SIP

DT25/29
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F ULL BRIDGE PWM M OTOR DRIVERS F ULL-BRIDGE PWM MOTOR DRIVERS

UDN2953B j ELECTRICAL CHARACTERISTICS at T, = +25°C, '1‘J S+150°C, V. =50V, V =5,

ws FUNCTIONAL BLOCK DIAGRAM Vense = @ Vs RC = 20 kQ/470 pF to Ground.
E
g Z\ . [, Limits
24 ‘i"; E ®r Ol Characteristic Symbol Test Conditions Min.  Typ.  Max. [ Units
o P!
g % ? Output Drivers (OUT, or OUT,)
2 3 BEO—— - Output Supply Range Vaa 8.5 — 50 v
E \ \ mg"“ rvaExsz P-4 H Output Leakage Current ICEX VEN"\BLE =5V, V0 BB, {note} —_— — 50 vy
E® : : -
22 }\ O - 29338 (o) oB®— K -@@our, Ve =5 Vi Vour =0V, (note) — — 50 1A
- A
g *"c\ \ 03 = 2034w ts17) Output Sustaining Voltage Voo logr =2 A, L=2mH [ — v
o i
5 1 \\ . e i Output Saturation Voltage Veessn Venase =0 Vi loyr =205 A — 1.0 1.2 v
] Be- N : Venaae=0 Vi lour =210A — 12 14 v
z Vpgy/BRAKE = =
3= 50 75 100 125 150 ! B Venrae =0 Vi lgr=£20A — 15 1.8 v
) - ]
< TEMPERATURE IN °C ®ne Sho < Clamp Diode Leakage Current ta Vp=50V - _ 50 pA
Dwg. GP-0108 . Clamp Diode Forward Voltage Ve le=2A - 1.8 22 v
N2954W R Motor Supply Current lanon Venge = 0-8 Vs Vg =24V, No Load - 20 30 mA
; ; D @ pemmane IEB(om Venage = Vagr =24V, No Load - 25 3.5 mA
<4 b Ysens . _ —
£ ‘GRoUND e & g | Verane = 5 V. Vpge = 0.8 V, No Load 0 60 mA
; ; Control Logic
= .
E Dwg. No. A-18.026 Logic Supply Range Vee 4.5 5.0 55 v
; Logic Input Current Tty Al Inputs = 2.4 V — <10 -0 BA
2 oy All Inputs = 0.8 V — 50 200 | pA
w
3 - Logic Input Voltage v Allfnputs 24 — - v
e ) UDN2954W ogic Input Voltag )
g ~ T N Vier Al inputs — - 0.8 Y
é th’ﬁu\ \ GROUND [ 3_] Vees Open-Circuit Voltage Vegroren) toge =0 —_— Vo2 — v
a I} -
g 2 gl e —— N oty [® i Current Limit Threshold Vaer/Vsense & Trip Point 9.5 10 10.5 -
S l T~ * e ey O : Tum-On Delay [ Al Drivers — 1.0 — ns
o »
2 °% 50 75 100 125 150 Vou L2 : Tum-Off Defay to All Drivers - 1.0 — us
TEMPERATURE IN °C Vugr/ BRARE [ 1 Thermal Shatdown Temm: T, — = — i
Dwg. GP-012A RC{TIMING) [& 2 LOGIC "
. = : f‘ Logic Supply Current loe Vevasie = Vagr =24V — 15 20 mA
e i = (.1 =24 —
TRUTH TABLE PHASE (5T 92 J Veape =08V, Vg =24V 22 30 mA
Output OUTPUT ENABLE [© ol . NOTE: Tests performed at OUT, with V.. =0.8 V and at OUT, with Vppee = 24V
Enable Phase V.. /BRAKE Out, Out, ou, . O
Low High >24V  High Low A E Lyt
Low Low >24V Low High SENSE
High X >24V Open Open
X X <08V High  High Dwg. No. A-13,023
X = irrelevant

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
Copyright © 1986, 1933 Allegro MicroSystems, Inc. !
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2953 AND 2954
FULL-BRIDGE PWM )

APPLICATIONS INFORMATION

The UDN2953B and UDN2954W full-bridge motion control ICs are
designed for pulse-width-modulated (PWM ) bidirectional interface to
many types of dc (brush) servo, brushless dc, and 2-phase stepper
motors. These power ICs permit various techniques of direct motor
interface and offer internally and externally programmed current control.
Pulse-width-modulated output current can be regulated by an {external)
PWM control signal or use of an external sensing resistor (Rsense) in
combination with an RC network and/or voltage reference.

The output current trip point or sense resistor formulas are:

I = —JREE
10 Rsense

Rsense = —Yeer
10 lraip

The allowable reference voltage range is from2.4 Vto 15 V. I
unconnected, the reference input (Vaer) defaults to Veo/2 (refer to
Figure 1) and Iyaip = 0.5 A (per typical application where Rg=0.5 Q).

When the motor current attains the specified design value, the
internal comparator triggers the monostable (‘one-shot’) multivibrator,
which disables (switches OFF) the sink (lower) output. The actual load
current may vary slightly, and the difference is {chiefly) related to the
circuit propagation delays between comparator (trip point) command
and power output switching. Applications involving very-low inductance
windings may necessitate specific consideration; typical circuit delays
(tg) are about 2 ps.

After the sink (‘low-side’} output is switched OFF, motor current
starts to decay, and the circulation path is through the ON source
(upper) drive output and the flyback diode protecting the sink (lower)
output. The output OFF interval is set by an external RC timing network
connected to the monostable. The magnitude of the current decay is
directly related to the OFF period and the duration should allow the
current ievel to drop below the trip point before reactivating the sink
output. This ON-OFF PWM cycle repeats, sustaining the desired
average current to the motor winding, and continues free-running until a
new input command switches the output state. The RC network values
range from 20 KQ to 100 kQ for resistors, and capacitor values from
200 pF to 500 pF. The parallel RC network establishes the toy interval
and directly affects the decaying motor current.

Intemnal timing circuitry is an alternative to the external RC timing
network. However, with intemnal timing the logic supply current rises
approximately 6 mA. Connecting the RC input to the logic supply
activates intemnal circuitry; tog = 12 pts with Vee =+5 Vand Ta= +25 C,
and increases with temperature.

The sink (lower) output is repeatedly re-enabled untit the motor is
reversed, braked, or stopped. Current control via pulse modulating the
lower outputs is based on the dynamic characteristics of the much
faster NPN Darlington outputs.

Another method of controlling motor current involves external
circuitry to pulse modulate the OUTPUT ENABLE pin. Switching

TYPICAL APPLICATION
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NOTE: Pin 3 must be
connected to an RC
network as shown, or
to Ve It must NOT be
left unconnected.

(toggling) the OUTPUT ENABLE affects both
the sink (low-side) and upper (high-side)
outputs., Both lower and upper transient-
protection diodes conduct during the OFF
interval. This method of aperation produces
very rapid current decay. The sink driver
parallel diodes (common anode pin} are
connected to ground; the source output
fiyback diodes (common cathode pin) are
connected to the motor supply (Vgg). The
RC input pin is to be terminated to ground
through 20 kQ (minimum).

The motor is braked by simultaneously
activating both source driver outputs and
disabling both sink outputs. Basically, this
shorts both terminals of the motor winding to
the supply. The back EMF (electromotive
force) of the motor develops current which
functions as a dynamic brake. Typically, the
braking current approaches the values related
1o a locked rotor {or stall) condition. Funda-
mentally, locked rotor (or stall) current is
dependent upon the motor winding imped-
ance and driver output ON characteristics.
Intemal current control circuitry is not opera-
tional during braking. Therefore, designers
should exercise caution to ensure that the
current produced by the back EMF does not
exceed the absolute maximum ratings of the
power outputs.
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In bidirectional drive applications, espe-
cially de (brush) servos, the PHASE input is
utilized for direction cantrol. The current
generated by back EMF at reversal is compa-
rable to that of dynamic braking, and should
be limited to the absolute maximum output
current rating.

An internally generated deadtime (ap-
proximately 3 ps) preciudes the high cross-
over (or ‘shoot-through’) currents associated
with momentary, overlapping conduction of
both upper and lower outputs. This very
abrupt, coincident-ON mode occurs with
change of direction (PHASE reversal) and/or
dynamic braking.

Integrated thermal shutdown protection
circuitry switches OFF all power outputs
should the junction temperature exceed
+165°C (typical). The thermal protection is
designed to avoid power IC failures stemming
from extreme, excessive junction heating.
Thermal shutdown self protection does not
afford a proper safeguard from shorted load
and/or shorted output conditions, and should
not be operated as such. The thermal self-
p;oteénon circuitry has a (typical) hysteresis
of 8°

The printed wiring board should utilize
a large, heavy ground plane. To optimize
power IC performance, the package should

be soldered directly into the circuit board.—— —

The ground side of Rg should have an
individual path to the ground terminal(s) of the
device. Also, the load supply (Vag) should be
closely decoupled with an electrolytic capaci-
tor of between 10 pF and 100 WF (typically
247 uF) depending on printed wiring board
layout.

CURRENT CONTROL OPTIONS

Circuit Terminal

Control Option Vrer/BRAKE RC (TIMING) Vsense OUTPUT ENABLE
No PWM Vg or High 220 kQ to Ground Ground Low

PWM with Internal Timing Veg or High Vee Rsense Low

PWM with External Timing 24Vor15V orVee 20-100 kQ/200-500 pF Rsense Low
Extemal PWM Ve or High 220 kQ to Ground Rsenset Togglet

* Programmed reference, L.e., A/D converter.

T Primarily, closed-loop speed and/or current contro! applications. Irawe can be peak {or datault) limit for protecting motor and/or driver IC.
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