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Abstract

This project proposes a three phase PWM inverter of voltage source type (VSI ) for driving
three phase squirrel cage induction motor rated at 1 Hp 220 V 3.5 A, using IGBT as solid state power
switching devices and new PWM technique and boost regulator which reduces switching loss,
increases the input power factor and improves all system efficiency.

In this PWM technique, modulation of three phase is mixed with the third harmonics which
resaults is three phase distorted sine waves and then the values of these waveforms are stored in
EPROM and is used to compare with the triangle wave.

Boost regulator is used to increases direct voltage link by on-off switch method so are to

make the line input current and voltage to be inphase and then increases the mput power factor.
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(N-M) V) (A) HN(W) (A) W V) (RMS)
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Sms/div
(Smsydiv)

=Filter= =0Offset=
Smaothing : ON  CH1 (Y
BW : FULL CHZ : 0.00v
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=Trigger=
Mode : AUTC
Type : EDGE CH1 £

Detay :
Hold Off
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Stopped g 1999/02/16_18:08°59
CHI=1V T Smsydiv
DC 10:1 (5msydiv)

=Filter= =0ffset= =Record lLength= =Trigger=
Smoothing : ON CHT @ 0.00V Main ¢ 10K Mode : AUTO
BW © FULL CH2 : -2v Zoom @ 200 Type : EDGE CH1 4
Delay : 00ns
Hold Off MINIMUM

=1 o a ¢ o
:S,IJ‘V] 4.4 ﬂig’/uﬁlﬂ'ﬁ’l‘!’!?’l‘lm@E)‘ML'JP)SM@‘S
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¥ ] v v 14
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TuiinA1219 usedu anuSivesusne’ Mogiounesmesmunsonlfsuniudunzis

Qs o Al é  d 1 d' % d‘
duluteduludugmiialnsaidiegn laaeaiseng.2

AMNA(HZ) 10 20 30 40 50

HUTIAU(Y) 124 1475 171.4 198.7 220
ANUS? 196 595 892 1149 1462
(RPM)
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Vip Ti/p Li/p Li/p Pi/p PF Idc
(volt) (Amp) (Amp) (Amp) (Watt) input (Amp)

Boost 220 1.11 0.66 0.55 230 0.942 04

No-Boost 220 1.8 0.64 1.16 240 0.606 0.65
Vdc lo/p Po/p Vo/p
(volt) (Amp) e (L-L)
(Watt) (volt)
Boost 380 1.21 190 220
No-Boost 280 1.5 190 220
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1899/03/18 1735512
I Sms/div
(5msydiv)

=Filter= =Offset= =Record Length= =Trigger=
Smwoothing © O CH1 : ov Main : 10K Mode : AUTO
BW [ FULL CH2 : 0.00V Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold Off MINIMUM

s 4.5 dyanmnszumozussiumedBuynuog lilisesonszauusedu

Stopped 1999/03/18 1756347
CH1=200V CH2=1V . Sms{div
pc 100:1 DC 101 (5msydiv)

Lttt

=Filter= =0Offset= =Record Length= =Trigger=
Smwothing : ON  CHT : av Main : 10K Mode @ AUTO
BW @ FULL CH2 : 0.00v Zoom @ 10K Type : EDGE CH1 &
Defay : 0.0ns

Hotd OFF : MINIMUM
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Stopped g 1999/03/12 23:09:49
: : CH2=1V : - : : : Sms/div
pC 101 I : : 1 (Sms7div)

=Filter= =0ffset= =Record Length= =Trigger=
Smaoothing : ON CH1 : oV Main 10K Mode : AUTO
BW : FULL CH2 : .00V Zoom 4K Type : EDGE CH2 £
Detay : 0.0ns

Hold Off : MINIMUM

519 4.9 dynunszuadunmune TuleesenssAuIs A

Stopped q 1999/03/12 225731
: CH2=500mV: E : : : Smsydiv
bDC 10:1 ¢ b : i 1 (Smsydiv)

NORM:

3
=Ffter= =0ffset= =Record Length= =Trigger=

Smoothing : ON CH1 : ov Main : 10K Mode ! AUTO

BW I FULL CH2 : 0.000V Zoom 4K Type : EDGE CH2 £

Delay 0.0ns
Hold Off - MINIMUM

317 4.10 dyanunseuadUNNIULINNITBNIT ALY
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MARUIN N

¥ A o
Yoyaiinylu EPROM

EPROM A

ADDRESS DATA

0000 80 83 86 89 8C 8F 92 96 99 9C 9F A2 A5 A8 AB AE BI
0011 B3 B6B9BC BF Cl1 C4C7C9 CCCEDI D3 D5 D8 DA DC
0022 DEEO E2E4 E6 E8 EA ECED EF FOF2 F3 F5 F6 F7 F8
0033 F9 FA FBFC FC FD FE FE FF FF FF FF FF FF FF FF FF
0044 FF FF FE FE FD FC FC FB FA F9 F8 F7 F6 F5 F3 F2 FO
0055 EF EF FO F2 F3 F5 F6 F7 F8 F9 FA FB FC FC FD FEFE
0066 FF FF FF FF FF FF FF FF FF FF FF FE FE FD FC FC FB
0077 FA F9 F8 F7 F6 F5 F3 F2 FO EF ED EC EA E8 E6 E4 E2
0088 EO0 DEDC DA D8 D5D3DI1 CECCCY C7 C4 Cl BF BCB9
0099 B6 B3 Bl AE AB A8 A5 A2 9F 9C 99 96 92 8F 8C 89 86
00AA 83 80 80 80 80 80 80 80 80 80 80 80 80 80 80 30 80
00BB 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
00CC 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
00DD 80 80 80 80 80 80 80 80 80 80 80 80 80 80 30 80 80
00EE 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
O00FF 80
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EPROM B
ADDRESS DATA
0000 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
0011 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
0022 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
0033 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
0044 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
0055 80 83 86 89 8C 8F 92 96 99 9C 9F A2 AS A8 AB AE BI
0066 B3 B6B9BC BF Cl C4C7C9 CCCEDI1 D3 D5 D8 DA DC
0077 DEEO E2E4 E6 E8 EA ECED EF FOF2 F3 F5 F6 F7 F8
0088 F9 FA FBFC FC FD FE FE FF FF FF FF FF FF FF FF FF
0099 FF FF FE FE FD FC FC FB FA F9 F8 F7 F6 F5 F3 F2 FO
00AA EF EF FO F2 F3 F5 F6 F7 F8 F9 FA FB FC FC FD FEFE
00BB FF FF FF FF FF FF FF FF FF FF FF FE FE FD FC FC FB
00CC FA F9 F§ F7 F6 F5 F3 F2 FO EF ED EC EA EB E6 E4 E2
00DD EO0 DEDC DA D8 D5D3DI1 CECCC9 C7 C4 C1 BF BCBY
00EE B6 B3 B1 AE AB A8 A5 A29F 9C 99 96 92 8F 8C 89 86

00FF

83



EPROM C
ADDRESS DATA
0000 EF FO F2 F3 F5 F6 F7 F8 F9 FA FB FC FC FD FE FE FF
0011 FF FF FF FF FF FF FF FF FF FF FF FE FE FD FC FC FB FA
0022 F9 F8 F7 F6 F5 F3 F2 FO EF ED EC EA E8 E6 E4 E2 EO
0033 DEDC DA D8 D5D3 D1 CECCC9 C7 C4 C1 BF BCB9B6
0044 B3 Bl AE AB A8 A5 A2 9F 9C 99 96 92 8F 8C 89 86 83
0055 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 30
0066 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 30
0077 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
0088 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80
0099 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 30 80
00AA 80 83 86 89 8C 8F 92 96 99 9C 9F A2 A5 A8 AB AE BI
00BB B3 B6B9BC BF C1 C4C7C9 CCCEDI D3 D5 D8 DA DC
00CC DEEO E2 E4 E6 E8 EA ECED EF FOF2 F3 F5 F6 F7 F8
00DD F9 FA FBFC FC FD FE FE FF FF FF FF FF FF FF FF FF
00EE FF FF FE FE FD FC FC FB FA F9 F8 F7 F6 F5 F3 F2 F0

O0FF

ER
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Designer's™ Data Sheet MGW12N120D

Insulated Gate Bipolar Transistor o

with Anti-Parallel Diode —

N—Channel Enhancement-Mode Silicon Gate |GBT & DIODE IN TO-247
This Insulated Gate Bipolar Transistor (IGBT) is co—packaged ;z 2 g 32:2

with a soft recovery ultra—fast rectifier and uses an advanced 1200 VOLTS

{ermination scheme to provide an enhanced and reliable high SHORT CIRCUIT RATED

voltage—blocking capability. Short circuit rated IGBT's are specifi-

cally suited for applications requiring a guaranteed short circuit

withstand time such as Motor Control Drives. Fast switching

characteristics result in efficient operation at high frequencies.

Co—packaged IGBT's save space, reduce assembly time and cost.

« Industry Standard High Power TO-247 Package with c
Isolated Mounting Hole

« High Speed Eoff: 160 wJ per Amp typical at 125°C

« High Short Circuit Capability — 10 us minimum

« Soft Recovery Free Wheeling Diode is included in the package

« Robust High Voltage Termination

« Robust RBSOA

CASE 340F-03, Style 4
TO-247AE

MAXIMUM RATINGS (T = 25°C unless otherwise noted)

Rating Symbol Value Unit
Collector-Emitter Voltage VCES 1200 Vdc
Collector-Gate Voltage (Rgg = 1.0 MQ) VCGR 1200 Vdc
Gate—Emitter Voltage — Continuous VGE =20 Vdc
Collector Current — Continuous € Tc =25°C Ic2s 20 Adc
— Continuous @ Tg =90°C Icg0 12
— Repetitive Pulsed Current (1) IcMm 40 Apk
Total Power Dissipation @ T¢c =25°C Pp 123 Watts
Derate above 25°C . 0.98 w/C
Operating and Storage Junction Temperature Range Ty Tstg -5510 150 C
Short Circuit Withstand Time tsc 10 us
(Vo = 720 Vde, VGg = 15 Vde, Ty = 125°C,Rg =20 Q)
Thermal Resistance — Junction to Case — IGBT ReJC 1.0 °C/W
— Junction to Case — Diode N ReJc 14
— Junction to Ambient RgJa 45
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 5 seconds . T 260 °C
Mounting Torque, 6-32 or M3 screw  ~ TSR ' 10 Ibfsin (1.13 Nem)

(1) Pulse width is limited by maximum junction temperature. Repetitive rating.

Designer’s Data for “Worst Case” Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information presented. SOA Limit
curves — representing ies on device istics — are given to facilitate “worst case” design.

Preferred devices are Motorola recommended choices for future use and best overall value.
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ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

tIGW12N120D

Characteristic Symbol l Min [ Typ L Max I Unit 1
OFF CHARACTERISTICS
Collector—to-Emitter Breakdown Voltage BVCES Vdc
(VGE=0 Vdc, I¢ = 25 pAdc) 1200 — —
Temperature Coefficient (Positive) — 870 — mV/°C
Zero Gate Voltage Collector Current ICES pAdc
(VCE = 1200 Vde, VGg =0 Vdc) == A 100
(VGE = 1200 Vde, VGE =0 Vdc, Ty = 125°C) — - 2500
Gate—Body Leakage Current (VGE = + 20 Vdc, Vcg = 0 Vdc) IGES == — 250 nAdc
ON CHARACTERISTICS (1)
Collector—to-Emitter On—State Voltage VCE(on) Vdc
(VGE = 15 Vde, Ic = 5.0 Adc) — 2.7 3.37
(VGE = 15 Vdc, Ic = 5.0 Adc, T = 125°C) — 3.78 -
(VGE = 15 Vdc, I = 10 Adc) — 372 4.42
-
Gate Threshold Voltage VGE(th) Vdc
(VCE = VGE. Ic = 1.0 mAdc) 4.0 6.0 8.0
Threshold Temperature Coefficient (Negative) 10 — mV/*C
Forward Transconductance (Vg = 10 Vde, Ic = 10 Adc) dfe = 12 — Mhos
DYNAMIC CHARACTERISTICS
Input Capacitance Cies — 1003 — pF
Output Capacitance (Vee= 2'5=V1d-g. P:AISZE) ~ G Cles — 126 —
Transfer Capacitance Cres — 106 —
SWITCHING CHARACTERISTICS (1)
Tum-On Delay Time td(on) = 74 — ns
) (Ve =720 Vdc, I = 10 Ade,
Rise Time VGE = 15 Vdc, L = 300 pH I F 83 5
Tum-Off Delay Time RG=200Q.Ty=25°C) td(off) b 76 —
Energy losses include “tail”
Fall Time tf —3 231 —
Tum-Off Switching Loss - Eoff = 0.55 1.33 mJ
Tum-On Switching Loss Eon — 1.21 1.88
Total Switching Loss Ets — 1.76 3.21
Tum-On Delay Time R 14(on) = 66 — ns
- (Voe = 720 Vde, Ig = 10 Ade,
Rise Time VGE = 15 Vdc, L = 300 pH " oI Gl i
Turmn-Off Delay Time RG =20 Q.Ty=125°C) td(off) — 120 —_
Energy losses include “tail”
Fall Time 1 — 575 —
Tum-Off Switching Loss Eoff == 1.49 s mJ
Tum-On Switching Loss Eon - 237 —_
Total Switching Loss Eis = 3.86 —
Gate Charge . -9 Qr - 29 — nC
(Ve =720 Vdc, Ic = 10 Ade, a — 13 —
VGE = 15 Vdc) 1
: - Qo o 12 s
DIODE CHARACTERISTICS ]
Diode Forward Voltage Drop. V Vde
P FEC.
(IgC = 5.0 Adc) T — 226 3.32
(IeC = 5.0 Adc, Ty = 125°C) - 137 s
(lgc = 10 Adc) == 286 4.18
(1) Pulse Test: Pulse Width < 300 s, Duty Cycle < 2%. (continued)
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ELECTRICAL CHARACTERISTICS — continued (T = 25°C unless otherwise noted)

Characteristic Symbol J Min l Typ } Max ] Unit

DIODE CHARACTERISTICS — continued

Reverse Recovery Time e = 116 == ns
(IF = 10 Adc, VR = 720 Vdc, ta - 69 =
dlg/dt = 100 A/us) 1y S 47 =
Reverse Recovery Stored Charge QRR - 0.36 — uC
Reverse Recovery Time tr — 234 — ns
(IF = 10 Adc, VR = 720 Vdc, ta = 129 -
dig/dt = 100 Alps, Ty = 125°C) b e 85 -
Reverse Recovery Stored Charge QRrR — 1.40 — e}
INTERNAL PACKAGE INDUCTANCE
Intemal Emitter Inductance Lg nH
(Measured from the emitter lead 0.25” from package to emitter bond pad) — 13 e

TYPICAL ELECTRICAL CHARACTERISTICS

40 T ™ 40 T - 1 T
Ty =25°C VGE=20V Ty=125°C i Vg =20V
g ' 2
z » A’ e !
= / 175V = : L
g / & - sy
5 5 24
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0 1 2 3 4 S 6 7 8 0 1 2 3 4 5 3 T
Vce. COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) VcE, COLLECTOR-TO-EMITTEFR VOLTAGE (VOLTS;
Figure 1. Output Characteristics, TJ.= 25°C Figure 2. Output Characteristics, Ty = 125°C
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Figure 3. Transfer Characteristics Figure 4. Collector-to—Emitter Saturation

Voltage versus Junction Temperature
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L4981A

['yi SGS-THOMSON Ao

MICROELECTRONICS

POWER FACTOR CORRECTOR

CONTROL BOOST PWM UP TO 0.99P.F.

LIMIT LINE:.GURRENT DISTORTIONTO < 5%

UNIVERSAL INPUT MAINS

FEED FORWARD LINE AND LOAD REGULA-

TION

= AVERAGE CURRENT MODE PWM FOR
MINIMUMNOISE SENSITIVITY

a HIGH CURRENT BIPOLAR AND DMOS TO-
TEMPOLE OUTPUT

= LOWSTART-UP CURRENT (0.3mA TYP.)

= UNDER VOLTAGE LOCKOUT WITH HYS-
TERESIS AND PROGRAMMABLE TURN ON
THRESHOLD

= OVERVOLTAGE, OVERCURRENT PROTEC-

. TION

= PRECISE 2% ON CHIP REFERENCE EX-
TERNALLY AVAILABLE

u SOFT START

DESCRIPTION

The L4981 I.C. provides the necessary features
to achieve a very high power factor up t0 0.98.

Realized in BCD 60! technology this power factor
corrector (PFC) pre-regulator contains all the con-

BLOCKDIAGRAM

ADVANCE DATA

MULTIPOWER BCD TECHNDLOGY

DIP 20

S0 20

ORDERING NUMBERS: L4981X (DIP 20)
L4981XD (SO 20)

trol functions for designing a high efficiency-mode
power supply with sinusoidal line current con-
sumption.

The L4981 can be easily used in systems with
mains voltages between 85V to 265V without any
line switch. This new PFC offers the possibility to
work at fixed frequency (L4981A) or modulated
frequency (L4981B) optimizing the size of the in-

LFF MULT-OUT IBENSE CA-0UT
0 ol Pl o
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put filter; both the operating frequency modes
working with an average current mode PWM con-
troller, maintaining sinusoidal line current without
slope compensation.

Besides power MOSFET gate driver, precise volt-
age reference (externally available), error ampli-
fier, undervoltage lockout, current sense and the

ABSOLUTE MAXIMUM RATINGS

soft start are included. To limit the number of the
external components, the device integrates pro-
tections as overvoltage and overcurrent. The
overcurrent level can be programmed using a
_simple resistor for L4981A. For a better precision
and for L4981B an extemal divider must be used.

Symbol Pin Parameter Value Unit
Vce 19 Supply Voltage (Icc <50mA) (*) selflimit \
labRvV 20 Gate driv. output peak current (t = 1us) SINK 2 A

SOURCE 1.5 A
VGDRV Gate driv. output voltage t = 0.1us -1 \;
Voltages at pins 3, 14, 7, 6, 12,15 03109 \
Vva-out 13 Error Amplifier Voltage -0.3t08.5 \
lac 4 AC Input Current 5 mA
Voltages at pin 8, 9 -05t07 \Y
Vea-out 5 Current Amplifier Volt. (Isource = -20mA; Isink = 20mA) -0.3t0 8.5 \
Vrosc 17 Voltage at pin 17 -0.3t03 \
11, 18 | Voltage at pin 11, 18 -0.3t07 v
Icosc 18 Input Sink Current 15 mA
|FREQ-MOD 16 Frequency Modulation Sink Current (L4981B) 5 mA
Vsyne 16 Sync. Voltage (L4981A) -0.3t07 \
Viex 2 Voltage at pin 2 -0.3t05.5 Vv
Voltage at Pin2 t = 1us -2 \
Piot Power Dissipation at Tamb = 70°C __ (DIP20) 1 W
Power Dissipation at Tamp = 70°C _ (S020) 0.6 %
Tstg StorageTemperature -55 to 150 °C
(') Maximum package power dissipation limits mustbe observed.
PIN CONNECTIONS (Top views)
L4981A L4981B
P-eND]1 28 [1GORV p-eN0 O 1 20 ] GDRY
IPK [ 2 19 [J vcc 1Pk O 2 19 [J vcc
ovP [ 3 18 [J cosc ouPp [ 3 i8 [J caosc
Inc 4 17 [1 rROSC 1ac [ 4 17 [J ROSC
CA-OUT [ 5 16 [1 SYNC CaA-0UT O 5 16 [J FREQ-HOD
LFF 86 15 [J P-UULO LFF ] 6 15 [0 P-UVULO
URNS [ 7 14 [ UFEED URHS [ 7 14 [ UFEED
HULT-0UT ] 8 13 [J va-0uT HULT-0UT [ 8 13 [ va-0uUT
ISENSE [ 8 12 [1 sS ISENSE [} 9 12 [1 ss
S-6ND [ 18 11 [J VREF S-GND [ 16 11 UREF
HN93L4981-82R NS3L4981-837
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- THERMAL DATA

Symbol Parameter DIP 20 SO 20 Unit
Rih j-amb Thermal Resistance Junction-ambient 80 120 °C/W
PIN FUNCTIONS )

N. Name i Description

1 P-GND Power ground.

2 IPK L4981A peak current limiting. A current limitation is obtained using a single resistor connected
between Pin 2 and the sense resistor. To have a better precision another resistor between Pin
2 and a reference voltage (Pin 11) must be added.

L4981B peak current limiting. A precise current limitation is obtained using two external
resistor only. These resistors must be connected between the sense resistor, Pin 2 and the
reference voltage.

3 ovpe Overvoltage protection. At this input are compared an intemal precise 5.1V (typ) voltage
reference with a sample of the boost output voltage obtained via a resistive voltage dividerin
order to limit the maximum output peak voltage.

4 IAC Input for the AC current. An input current proportiond to the rectified mains voltage generates,
via a multiplier, the current reference for the current amplifier.

5 CA-OUT Current amplifier output. An external RC network determinates the loop gain.

6 LFF Load feedforward; this voltage input pin allows to modify the multiplier output current
proportionally to the load, in order to give a faster response versus load transient. The best
control is obtained working between 1.5V and 5.3V. If this function is not used, connect this pin
to the voltage reference (pin = 11).

7 VRMS Input for proportional RMS line voltage. the VRMS input compesates the line voltage changes.
Connecting a low pass filter between the rectified line and the pin 7, a DC voltage proportional
to the input line RMS voltage is obtained. The best control is reached using input voltage
between 1.5V and 6.5V. If this function is not used connect this pin to the voltage reference
(pin = 11).

8 MULT-OUT | Multiplier output. This pin common to the multiplier output and the current amplifier N.1. input is
an high impedence input like Isense. The MULT-OUT pin must be taken not below -0.5V.

9 ISense Current amplifier inverting input. Care must be taken to avoid this pin goes down -0.5V.

10 S-GND Signal ground.

1 VREF Output reference voltage (typ = 5.1V).Voltage refence at £ 2% of accuracy externally
available, it's internally current limited and can deliver an output current up to 10mA.

12 SS A capacitor connected to ground defines the soft start time. An interal current generator
delivering 100pA (typ) charges the external capacitor defining the soft start time constant. An
internal MOS discharge, the extemal soft start capacitor bothin overvoltage and UVLO
conditions.

13 VA-OUT | Error amplifier output, an RC network fixes the voltage loop gain characteristics.

14 VFEED Voltage error amplifier inverting input. This feedback input is connected via a voltage divider to
the boost output voltage.

15 P-UVLO Programmable under voltage lock out threshold input. A voltage divider between suppl
voltage and GND can be connected in order to program the tum on threshold. «

16 SYNC This synchronization input/output pin is CMOS logic compatible. Operating as SYNC in, a

(L4981A) | rectangular wave must be applied at this pin. Opearting as SYNC out, a rectangular clock
pulse trainis available to synchronize other devices.
FREQ-MOD| Frequency modulation current input. An external resistor must be connected between pin 16
(L4981B) | and the rectified line voltage in order to modulate the oscillator frequency. Connecting pin 16 to
ground a fixed frequency imposed by Rosc and Cosc is obtained.

17 Rosc An external resistor connected to ground fixes the constant charging current of Cosc.

18 Cosc An external capacitor connected to GND fixes the switching frequency.

19 Vec Supply input voltage.

20 GDRV Output gate driver. Bipolar and DMOS transistors totem pole output stage can deliver peak
current in excess 1A useful to drive MOSFET or IGBT power stages.
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Figure 3: MULTI-OUT vs. lac (VRms = 4.4V;

ViFFp =5.1V)
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Figure 5: MULTI-OUT vs. Iac (Vams =1.7V;

VirFD =2.5V)
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Figure 7: MULTI-OUT vs. lac (VRus =4.4V;

Virrp =2.5V)
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Figure 4: MULTI-OUT vs. lac (Vaums = 5.3V;

Virrp =5.1V)
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Figure 6: MULTI-OUT vs. lac (Vaus =2.2V;

VLFFp =2.5V)
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Figure 8: MULTI-OUT vs. lac (Vrus =5.3V;
ViFrp =2.5V)
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ELECTRICAL CHARACTERISTICS (continued)

Symbol I Prameter l

Test Condition ] Min. } Typ. [ Max. l Unit

3

MULTIPLIER SECTION

Muttipler Output Current

Vva-out =4V, Vams =2V,
Vmuttout = 0, VLrr = 5.1V
lac = 50pA, Cosc =0V

20 35

52

HA

Vva-out = 4V, Vams =2V,
Vmutout = 0, Vier = 5.1V
Iac = 200uA, Cosc = OV

135

170

pHA

Vvaout =2V, Vaus =2V,
Vmutrout = 0, Virr = 5.1V
Iac = 100A, Cosc = 0V

30

Vvaout =2V, Vaus =4V,
Vmuttout = 0, Verr = 5.1V
lac = 100pA, Cosc = 0V

HA

Vvaout =4V, Vaus =4V,
Vmuttout = 0, Virr = 5.1V
lac = 100pA, Cosc = OV

HA

Vya-our =4V, Vams =2V,
Vmucrout = 0, Virr = 2.5V
Cosc = 0V, lac = 200uA

20 37

Vvaout =4V, Vaus = 4V
Vmuctout = 0, Vg = 5.1V
lac = 200pA, Cosc = 0V

20 39

HA

Vvaout =2V, Vams =4V,
Vmuttout = 0, Vier = 5.1V
lac =0, Cosc = OV

Muttiplier Gain

0.37

IMuLTsouT= K- lac

it VLFF = VREF;

(VvazouT = 1.28) - (0.8 - Virr £ 1.28)

IMULT=0UT = lac ®

where: K1 =1V

(Vvpms)?

Figure 1: MULTI-OUT vs. lac (Vrms = 1.7V;

(VVA+OUT* 1.28)
WvaouT= 23 K1
VRMS)

Figure 2: MULTI-OUT vs. Iac (Vrms =2.2V;

Virrp =5.1V) Virrp =5.1V) ‘
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ELECTRICAL CHARACTERISTICS (continued)

Symbol | Parameter l Test Condition ] Min. ] Typ. [ Max. I Unit
SUPPLY VOLTAGE
Vce l Operating Supply Voltage l i l I 19.5 ] v
OVER VOLTAGE PROTECTION COMPARATOR
Vine Rising Threshold Voltage Vret 5.1 Vet \
-20mV +20mV
V3ahys Hysteresis 180 250 320 mV
I3 Input Bias Current 0.05 1 HA
t Propagation delay to output Vove = Vine +100mV 1 2 us
OVER CURRENT PROTECTION COMPARATOR
Vin Threshold Voltage +30 | mV
1 Propagation delay to Output Voce = Vine -0.2V 0.4 0.9 ps
lipk Current Source Generator Viex = -0.1V  only for L4981A 65 85 105 LA
IL Leakage Current Vipk = -0.1V  only for L4981B 5 pA
CURRENT AMPLIFIER SECTION
Votiset Input Offset Voltage VmuLt out = Vsense = 3.5V +2 mV
lobias Input Bias Current Vsense = OV -500 50 500 nA
Open Loop Gain 1.1V < Vcaout < 6V 70 100 dB
SVR Supply Voltage Rejection 12V £ Ve <19V 68 90 dB
Vpuet out = 3.5V Vsense = 3.5V
VsH Output High Voltage VmuLr out = 200mV 6.2 \
lca out = -0.5mA, Viac = OV
Vst Output Low Voltage VuuLT out = -200mV 0.9 \
Ica out = 0.5mMA, Viac = OV
-Is QOutput Source Current VmuLt out = 200mV, 2 10 mA
Is Qutput Sink Current Viag = 0V, Veaour = 3.5V 2 10 mA
QUTPUT SECTION
Voor Qutput Voltage Low Isink = 250mA 0.5 0.8 3
V204 Output Voltage High Isource = 250mA 115 12.5 \%
Vce = 15V
t Output Voltage Rise Time Cour = 1nF 50 150 ns
te Qutput Voltage Fall Time Cour = 10F 30 100 ns
Vgorv Voltage Clamp Isounce = OMA 13 16 19 )
TOTAL STANDBY CURRENT SECTION
l19start Supply Current before start up Vee = 14V 0.3 0.5 mA
l1gon Supply Current after turn on Viac =0V, Vcosc =0, 8 12 mA
Pin17 = Open
hg Operating Supply Current Pin20 = 1nF 12 16 mA
Vce Zener Voltage ) 20 25 30 \
UNDER VOLTAGE LOCKOUT SECTION
Vinon Turmn on Threshold 145 | 155 | 165 \
Vinorr Tum off Threshold 9 10 11 \Y
Programmable Tum-on Threshold | Pin 15 to Vec = 220K 10.6 12 134 "
Pin15 to GND = 33K
LOAD FEED FORWARD
ILrr Bias Current Ve = 1.6V 70 140 HA
Ve =53V 200 { 300 | pA
Vi Input Voltage Range 1.6 5.3 \%

(*) Maximum package power dissipation limits mustbe observed.
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ELECTRICAL CHARACTERISTICS (Unless otherwise specified Vcc = 18V, Cosc = 1nF,

Rosc = 24KQ, Css = 1uF, Vca-out =3.5V, Visense =0V, VLFF = VRer, lac = 100pA, Vaus = 1V,
Vreeo = GND, Viek = 1V, Vove =1V, Ty =25°C

Symbol ] Prameter ‘ Test Condition ‘ Min. ] Typ. I Max. | Unit
ERROR AMPLIFIER SECTION
Vio Input Offset Voltage —25°C < Ty < 85°C +8 mV
lis Input Bias Current Vreep = OV -500 -50 500 nA
Open Loop Gain 70 100 dB
ViaH Output High voltage Veeeo = 4.7V 6:5 6.5 75 \"
lva-out = -0.5mA
ViaL Output Low Voltage Vreep = 5.5V 0.4 1 \Y
lva-out = 0.5mMA
-li3 QOutput Source Current Vreeo = 4.7V, VWwaout = 3.5V 2 10 mA
l13 Output Sink Current Veeep = 5.5V; Vwa-out = 3.5V 4 20 mA
REFERENCE SECTION
Veet Reference Output Voltage —25°C < Ty < 85°C 4.97 5.1 5.23 )
Tj=25°C let=0 5.01 5.1 5:19 )
AV et Load Regulation 1MA < ket < 10mA 3 15 mV
—25°C < Ty < 85°C
AVret Line Regulation 12V < Vee €19V 8 10 mV
—25°C < Ty < 85°C
lref sc Short Circuit Current Viof = OV 20 30 50 mA
OSCILLATOR SECTION
fosc Initial Accuracy T =25°C 85 100 115 | KHz
Frequency Stability 12V £ Vee <19V 80 100 120 KHz
—25°C < Ty < 85°C
Vsvp Ramp Valley to Peak 4.7 5 548 1
lisc Charge Current Vecosc = 3.5V 0.45 | 0.55 | 0.65 mA
liep Discharge Current Vcosc = 3.5V 11.5 mA
Vis Ramp Valley Voltage 0.9 1.15 1.4 \
SYNC SECTION (Only for L4981A)
tw Output Pulse Width 50% Amplitude 0.3 0.8 us
lie Sink Current with Low Output Vsyne = 0.4V 0.4 0.8 mA
Voltage Vcosc = 0V
-l1e Source Current with High Output | Vsvnc = 4.5V 1 6 mA
Voltage Veosc = 6.7V
Vet Low Input Voltage 0.9 \
VieH High Input Voltage 3.8 Vv
g Pulse for Synchronization 800 ns
FREQUENCY MODULATION FUNCTION (Only for L4981B)
f1gmax Maximum Oscillation Frequency Vereomoo = OV (Pin16) keq=0 | 85 100 115 | KHz
f18min Minimum Oscillator Frequency IrReEQMOD = 360pLA (Pin 16) 74 KHz
Vvams = 4V (Pin 7)
lerRea-mo0 = 180pA (Pin 16) 76 KHz
Vygus = 2V (Pin 7)
SOFT START SECTION
Iss Soft Start Source Current Vss =3V 60 100 140 pA
V12sat Output Saturation Voltage Va=6V,lss = 2mA 0.1 0.25 Vv
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intgl
2764
(8K x 8) UV ERASABLE PROM

B 200 ns (2764-2) Maximum Access B Pin Compatible to 2732A EPROM
Time . .. HMOS*-E Technology

- o .
® Compatible to high speed 8mHz Industrdetandard Pinout JEDEC
8086-2 MPU .. . Zero WAIT State Approve

® Two Line Control B Low Standby Current . .. 35mA Max.

The Intel® 2764 is a 5V only 65,536 bit ultraviolet erasable and electrically programmable read-only memory (EPROM).
The standard 2764 access time is 250ns with speed selection available at 200ns. The access time is compatible to
high performance microprocessors, such as Intel's 8BmHz 8086-2. In these systems, the 2764 allows the
microprocessor to operate without the addition of WAIT states.

An important 2764 feature Is the separate output control, Output Enable (Cﬁ) from the Chip Enable control (CE). The
OE control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-72
describes the microprocessor system implementation of the OE and CE controls on Intel's EPROMs. AP-72 is
available from Intei's Literature Department.

The 2764 has a standby mode which reduces the power dissipation without increasing access time. The active current
is 150mA, while the standby current is only 35mA, a 75% savings. The standby mode is achieved by applying a TTL-
high signal to the CE input.

The 2764 is fabricated with HMOS*-E technology, Intel's high-speed N-channel MOS Silicon Gate  chnology.

2764
2792A PIN CONFIGURATION BLOCK DIAGRAM
PIN CONFIGURATION
e o—e b L iy
odn VY b = TETININ]
Az n0n =
~03 2% Tlwou ouTruT suerEns
A A 1
ads 20 DOy i: s v CAImNG.
Qs 19 DA i i
ado v [CE 1 IZ.." Prtertos
ANgs w0y o | |
s 1610
o(dw 15 105
o un 1o
oo (] 12 1310,
[1For total compatibitity trom MODE SELECTION
27324 provide 2 trace 1o pin 28 y
PIN NAMES PINS CE | OE | PGM | Vpp | Vcc| Outputs
7o~ ]| ADORESSES . MODE (20) | 2] @n | (1) | (28)](11-13, 15-19)
CE CHIP ENABLE Read Vi | Vic| Vin | Vee | Vec| Dour
[ OUTPUT ENABLE Standby Vin | X x |Vec | Vec| HighZ
ggg’ OWP‘”SM Program Vvic | x | Vi [Vee | Vec| Din
PROGRA =
N.CIT T RO CONNECT Program Verify | Vii | Vi | Vin | Vee | Voc| Dour
Program Inhibit | Vig X X Vep | Vcc| HighZ

x can be either Vi or Vin

*HMOS is a patented process of Intel Corporation.
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DACO0808/ DAC0807/ DACOSOG 8 Blt D/ A Converters
General Description *

The DACO0808 series is an 8-bit monomhlc dlgltaHo-analog MC1508/MC1408. For htgher speed applications, see
converter (DAC) featuring a full scale output current setting  DACO0800 data sheset.

time of 150 ns while dissipating only 33 mW with +£5V sup-

plies. No reference current (Ingr) trimming is required for Features

most applications since the full scale output curent is typ- @ Relative accuracy: +0.19% error maximum (D ACOSOB)
cally £1 LSB of 255 Iggr/ 256. Relative accuracies ofbet- " o Fuil scale curent match: +1 LSB typ

ter than +0.19% assure 8-bit monotonicity and linearity 5 "

while zero level output current of less than 4 pA provides 7 and B—b'rt ac;uracy available (DAC0807, DACO806)

H Fast settling time: 150 ns typ
L]

8-bit zero accuracy for Igge=2 mA. The power supply cur-
rents of the DACO808 series are independent of bit codes, :lonmvemng digital mputs are. TTL and CMOS compati-
e

and exhibits assennally constant device characteristics over
. High speed multiplying input slew rate: 8 mA/us

the entire suppty voltage range. ,
- The DACO808 will interface directy with popular TTL T Power supply voltage range: 4.5V to £18Y. - -

or.CMOS logic levels, and is a direct replacement for the Low power consumption: 33 mW @ x5V

Block and Connection Dlagrams Duakin-Line Package
W a1 Mo s P v K
AR RAR e B
cu:;:gto‘—{ CURRENT SWITCHES =] Order Number i m':' _:'v"""
: - . DACO0808, DACO807, - Yee—| - = Vaere A
. : . A\
i See NS Package e 1 B LT
Foeren t 2 Number J16A, £9 s
NP CURRENT O Vee M16A or N16A -
SQUACE PAIR A3 — —AL
VReF(-) O
REFERENCE 0 comeen ol I as
.- | CURRENT A - -
- & TUH/5887-2
vee TL/H/5687—1 .
. Small-Ouﬁlne Package
| _VCC— 1 164—A8 LS8 (3
Vaer (=2 154—A7
Vegr ()3 14f—=A6 B
ooumnou— 4 138—AS
= 7. NC (MOTE 2)—5 124—a4
CND—{6: 11P=A3
Ve—{7. 104—42
0—8 9 Al WS8
TUH/5687-13
- PR R = . p - _— TopView s i+ M S -
Ordering Information = '
ACCURACY QEERATING TEMPEF}ATL!!_‘!E i ¢ ‘ ORDER NUMBERS g
RANGE J PACKAGE (J16A)* N PACKAGE (N16A)‘ SO PACKAGE (M16A)
DAC0808LCN | MC1408P8 DAC0808LCM
7-bit 0°C<TaA<+75°C DAC0807LCJ| MC1408L7 | DAC0807LCN|MC1408P7 DAC0807LCM
6-bit 0°C<Ta< +75°C DAC0806LCJ | MC1408L6 | DACO806LCN | MC1408P8 DACO0806LCM

'Nota.DevicasmaybeorderedbyusingeiMorde(numbet




&8

Absolute Maximum Ratings (note 1) & .
If Military/Aerospace specified devices are required, " Storage Temperature Range - . *—65°Cto ‘+.!150"C

please contact the National Semiconductor Sales Lead Temp. (Soldering, 10 seconds)
Office/Distributors for availability and specxﬁcatlons. Dual-In-Line Package (Plastic) 260°C
Power Supply Vojtagez: "7~ L0 N 7 o TDuakn-Line Package (Ceramic) (T Yot T s00C
Vee - : ’ +18 Voc " Surface Mount Package
Ve —18 Vpo Vapor Phase (60 seconds). . = is” .215°C
. Digital Input Voltage, V5-V12 . —10Vpcto +18Vpe . Infrared (15 seconds) e _20c
Applied Output Voltage, Vg —11Vpcto+18Vpe . . . e :
Reference Current, 14 5mA TOper?t";g!Ra_tlngs . = s . s T
e 2 emperature Range J 3 MIN A MAX
vHefe.renAce AmphfrerAlnputs. Y14,V15 o Vcc Vee ' DACO808LC Series . 0 <Tas +75C
Power Dissipaticrr(Nc_)tga 3) SRS L4000 mW i ) = ’ . S
ESD Susceptibility (Note 4)- "**" 7 "¥«* " 18p . Ry T _ TP

= -

Electrical Characterlstxcs
(Voc = 5V, Vee = ~15 Vpc, VRer/R14 = 2 mA, DAC0808: Ty = —55°C to +125°C, DAC0808C, DAC0807C, DACOSOGC Ta
= 0°Cto +75°C, and all digital inputs at high logic level unless otherwise noted.)

Symbol © - jParameterT .. &% -~ Conditions . .., Min Typ Max - Units
i = Relative Accuracy (Error Relative - (Figure 4) = = - \ " ) P SY r TR %
to Full Scale Ip) : : V. : ! . .y o
DAC0808tC (LM1408-8) . T y R £0.19 %
DACO0807LC (LM1408-7), (Note 5) Y +0.39 %
- DACO0806LC (LM1408-6), (Note 5) . mm £0.78 %
Settling Iime to Within 1, LSB | Ta=25°C (Note 6), \T “150 G ns
(Includes tp( 1) (Figure 5) ) ~¢ )
tpLH. tpHL | Propagation Delay Time. |+ Ta.= 25°C, (Figure 5]~ Y | =Sl © 100 ns
TClo Output Full Scale Current Drift o S - By o AR ppm/°C
MsB Digital Input Logic Levels - (Figure 3) y
ViH High Level, Logic “1" 2.. \ > Voc
Vi Low Level, Logic 0" 0.8 Voc
MSB Digital Input Current (Figure 3) : -
High Level Vi = 5V 0 0.040 mA
Low Level - Vi =08V —0.003 -0.8 mA
l1s Reference Input Bias Current | (Figure 3) . —t =3 - pA
Output Current Range T | (Figure3) -
VEg = —5V 0 2.0 21 mA
Veg = —15V, T4 = 25°C 0 2.0 4.2 mA
lo Output Current -|" VRer = 2.000V,
R14 = 1000Q,
’ | (Figure3)" - 1.9 1.99 241 mA
Output Current, All Bits Low " (Figure 3) 0 4 rA
Output Voltage Compliance (Note 2) Er £0.19%, Tp = 25°C : . '
Veg= —5V, Iggr=1mA N—— - . . —0.55, +04 Voc
Veg Below —10V . o e # —50,+04 |-. Vpc
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Electrical Characteristics (continued) b Ao <o ble B TR RNPRE s
(Ve = 5V, Veg = —15 Vpe, Vagr/R14 = 2 mA, DAC0808: Ta = —55°C to -+ 125°C, DAC0808C, DAC0807C, DACO806C, Ta
= 0°Cto +75°C, and all digital inputs at high logic level unless otherwise noted.) ) &

Symbol ) " Parameter . Conditions Min Typ " 'Max | Units
SRIger - Reference Current Slew Rate (Figure 6}~~~ C 4 - : mA/pus
_Output Current Power Supply T o5V Vee< —16.5V 0.05" 271 - rA/NV
Sensitivity v ] o £ .
Power Supply Current (All Bits (Figure 3)
Low) - : ) )
lcc S S ) “ i 28 22 mA
leg ] . o &G | g7 mA
Power Supply Voltage Range = 25°C, (Figure 3) e e o
VG - = =+ [im e e g EP B, |- 5.0 L - Voe
Vee : ik —45 -15 —16.5 Voc
Power Dissipation W o
All Bits Low Voo = 5V, Vgg = —5V 33 | 170...] 0 mW
A ) maeE Voo = 5V, Vgg = —15V -~ 106 - 305° mwW
- All Bits High Voo =15V, Vgg = —5V 90 |v w7 mw
- Vig = 15V, Vgg = =15V =160 | N W] ¥ mW

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. OC and AC electrical specifications do not appty when operating
the device beyond:its specified operating conditions. = 29 § NS : -

Note 2: Range control is not required.  * e /A

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by T jumax. 8.a. and the ambient temperature, Ta. The maximum
allowable power dissipation at any temperature is Pp = (Tjmax — Ta)/64a Of the number given in the Absolute Maixmum Ratings, whichever is lower. For this
device, Tymax = 125°C, and the typical junction-to-ambient thermal resistance of the dual-in-line J package when the board mounted is 100°C/W. For the dual-in-
line N package, this number increases to 175°C/W and for the small outline M package this number is 100°C/W..- . - - -
Note 4: Human body model, 100 pF discharged through a 1.5 kQ'resistor. : 5 ] ). >

Note 5: All curent switches are tested to guarantee at least 50% of rated current. . . i - T S

Note 6: All bits switched. ' ’ o=

Note 7: Pin-out numbers for the DALOBOX represant the dual-in-line package. The small outline package pinout differs from the dual-in-line package.

Typical Application

B Vees sV - - ¢4 L .
- - %x § 4 e -~ -
; H 1 5008 "
M8 At : - O———AAA——O 1000V xVger : .
§
A20—: . ‘ R AT
7 s o ] s :
: o
0IGITAL - -
- INPUTS - .

Al A8
om e
2 gl 256

Veg < -1V

z TUH/5687-3
FIGURE 1. + 10V Output Digital to Analog Converter (Note 7)
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Typical Performance Characteristics -
Ve = 5V, Vgg»é ‘—15V, Tp = 25°C, unless otherwise noted ’ i

- T Logic Input Currentve — =~ g Hs Sl
Bit Transfer Characteristics.

_ 27" - InputVoltage . . R
. 14
g J . TTTT |
: - N 4 L I
3 s T 12 [tha=imA i
= E Al
I = 1
3 - x
E <
S 4 = 08
= 3
< 5 o8 2
= 2
2 7 A1THROUGH A3 5 5 Vel [ A
o X T A5 T
3, - -l;l. —sy H——+ Al /- %
: 2 4 Vi rrp==r
= /T T TN okl
0 o UCTT TN T T

-12-10-8-64-20 24 6 8181214 1818
V| - LOGIC INPUT VOLTAGE (V)

~12-10-3-6-4-202 4 § 11012141618+
V(- LOGIC INPUT VOLTAGE (V)

QOutput Current vs Output -

Voitage (Output Voltage . Output Voltage Compliance
= Compliance) vs Temperature

X 2
) - [ an'f"nn' l B l y &
T 4 L T 16 N
£ Veg = -1V |vgg = -5V = NN N
= 2 z n R
l1g=2mA w y
g 5 [ ¥ ,m S & [—3ISHADED AREA INDICATES
S i = | 3 remmssisLe outrut
o S 4 VOLTAGE RANGE FOR
s 12 lig=1mA -
= 2 03 Yee=-15Y.l14=2mA
3 o H Pl =N N N
: s N N
= o 114=02mA 2 R N W
o L I | -
14 -10 -6 -2 2 6 10 14 18 50 0 s0 100 150
Vg - OUTPUT VOLTAGE (V) TEMPERATURE (C)

Typical Power Supply Typical Power Supply
Current vs Vgg Current vs Voo
' 8UTS HIGH OR LOW ] ¥ [atceims HIGH 08 LOW
= — - {194 =2 mA
3 1 Tgg WITH 114+ 2 maA g 1 m [
E ] = [ Igg
3
E s Igg WITH 19q= 1 mA z 8
s, + o clo
= ToT ¥ Wi >
g 1 lggWITH l14=02mA | | | _ .t 3
2 1 2
S 2 z 3 1
= Ice g [
2 i i g\
T

002 4 & 810121416 1320
Vg — POSITIVE POWER SUPPLY (V)

[]
0 -2 -4 —§ -3 -10-12-14-16-18-20
Vgg — NEGATIVE POWER SUPPLY (V)

© 7777 Logic Threshold Voltage vs .~

Temperature -

-~

-

N~

o - -
[P WS

|

Vry - LOGIC THRESHOLD VOLTAGE (vpc)

o o e
ok =&

-55 -37-19.-1 17 35 S3 71 39 107125
Ta - TEMPERATURE (°C) o

Typical Power Supply
Current vs Temperature

ACL BITS HIGH OR LOW
Lijg=2mA

8.0
<7

—

o
o

lee

od
o

~
o

o
©

~
o

* POWER SUPPLY CURRENT (mnA) |

o

o

-58 0 50 100

TEMPERATURE (°C)

150

Reference Input
Frequency Response

~

Lodllonanm

RELATIVE QUTPUT (dB)

N
\C
\

L,
<

It

I

03 1 b
{~ FREQUENCY (MH2)
TU/H/5687-5

s
>

0.1 19

Unless otherwise specified: R14
R15 = 1 k1, C = 15 pF, pin 16 to
Vg RL = 509, pin 4 to ground.
Curve A: large Signal Bandwidth
Method of Figure 7, Vreg = 2 Vp-p
offset 1 V above ground.

Curve B: Small Signal Bandwidth
Method of Figure 7, R = 25090, VRer
50 mVp-p offset 200 mV above
ground.

Curve C: lLarge and Small Signal
Bandwidth Method of Figure 9 (no op
amp, Ry = 50Q2), Rg = 50, VRer =
2V, Vg = 100 mVp-p centered at OV.
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DAC0808/DAC0807/DACO0806
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Test Circuits

a

Yee
s V| and I apply to inputs A1-A8.
; 1 ) se o= —emom e~ = Thg resistor tied to pin 15s to temperature compensate the
i 2 <— . b|as currem and may not be necessary for all applications.
T Vaer . ‘A1 A2 A3 A4 A5 A6 AT A8
20— T : clg=K{—+—+— toF—
A10— g 2 4 8- 16 32 64 128 256
MO—f
] o] e : R AT, -
:E b e R14 ) )
Pl - -»-and Ay = “1"if Ay is at high level
e COTTT AN = “07if Ay is at low level

16 ‘o
+ 3 l:' P i
k. ’ leg - - L i
- Vee !

TL/H/5687-8
FIGURE 3. Notation D'eﬂnltlons Test Circuit (Note 7)

—_— O - o iy
oM mam v .
0.70-A S
O] conveATeR
ik —CO— 370 10V OUTPUT

(082%
A6 | ERROR MAX)

A3 ATOATTA12)

87
COUNTER
TUH/5687-7
~ FIGURE 4. Relative’' Accuracy Test Circuit (Note 7)
Veo
(X . N s
5 o e A AV 7 \
[ { e “N 14v
= . [ p—
- Yoc LR VRS L L
13 ? i . e e %
13
: EO—W\"—‘1 e LA LEVEL ¥SE Ay TO GHO FOR TURN “OFF~
. . - o s - | ol MEASUREMENT (SEE TEXT)
' DSRDVORN Y7 S A T
—O0—AWAV—- S 3
] 2 ‘: = 5
¥ 0ACSSS O P < : i -._ . . X N
senles 1 T - FOR SETTLING TIME » +
1L LI — o LaTs - e e |- yeaTYP
i O SMITCHED LOW TO HIGH! - To:12 52
—JcosTet - '
i —oj T
e e S - . i
A5 (LOW CAPACITANCE, - PR4TOGNO
_.L_{ FAST RECOVERY DIO0E)

TU/H/5687-8
FIGURE 5 Transient Response and Set‘dlng Time (Note 7)
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Test

Circuits (continued)

Vee

o )
SCOPE- 2mA

SLEWING SEE TEXT FOR VALUES OF €
S TIME - PR
di= - 1 dv e,
dt RL dt EE -
¥ © TU/H/5687-10
FIGURE 7. Positive V Note
" TL/H/5687-9 . ReF ( N

FIGURE 6. Reference Current Slew Rate Measurement (Note 7)

Vee

R14 = R15

OAC0808

»
=

15
T .

SEE TEXT foR VALI:|‘€§ o_'r .
P VL 5 LD
Vee:, %,
- T TL/H/5687-11
FIGURE 8. Negative Vger (Note 7).

Application Hints =
REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a turn-around
circuit or current mirror for feeding the ladder. The reference
amplifier input currrent, l14, must always flow into pin 14,
regardless of the set-up method or reference voltage polarity.
Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full current ly4.
For bipolar reference signals, as in the multiplying mode,

93

9 0ACO0808

VREF

T

5
A1 O— o
o7 7 en-.Vs 0,114 = 2.9 mA )
A3 O— s .

] : ;
A4 O— . oAcoses: |13 VReF . Vs :

9| - —o Vv - g A :
As,o_m SERIES —O Vee AVO R1d + Rs A RQ
A6 O— : . .
v j
A8 O— —O Vet 2

Ro

. iz ;1 l4_,
- TUMrses7T-12

~ _ FIGURE®. Programmable Gain Amplifier or
_  Digital‘Attenuator Circuit (Note 7):

R15 can be tied to a negative voltage coesponding to the
minimum input level. It is possible to eliminate R15 with onty
a small sacrifice in accuracy and temperature drift. i
The compensation capacitor value must be increased with ‘
increases in R14 to maintain proper phase margin; for R14 |
values of 1, 2.5 and 5 kQ, minimum capacitor values are 15, !
37 and 75 pF. The capacitor may be tied to either Vgg or |
ground, but using Vgg increases negative supply rejaction.
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Application Hints (continued)

A negative reference voltage may be used if R14 is ground-
ed and the reference voltage is applied to R15 as shown in
Figure 8. A high input impedance is the main advantage of
this method. Compensation involves a capacitor to Vgg on
pin 16, using the values of the previous paragraph. The neg-
ative reference voltage must be at least 4V above the Vgg
supply. Bipolar input signals may be handled by connecting
R14 to a positive reference voltage equal to the peak posi-
tive input level at pin 157"

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V sup-
pty which drives logic is to be used as the reference, R14
should be decoupled by connecting it to 5V through another
resistor and bypassing the junction of the 2 resistors with
0.1 uF to ground. For refersnce voltages greater than 5V, a
clamp diode is recommended between pin 14 and ground.
If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.55 to
0.4V when Vgg = —5V due to the current switching meth-
ods employed in the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended to —5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 k2 between pin 4 and ground will
yield a voltage output of 256 levels between 0 and
—4.980V. Floating pin 1 does not affect the converter
speed or power dissipation. However, the value of the load
resistor determines the switching time due to increased volt-
age swing. Values of R( up to 5000 do not significantly
affect performancse, but a 2.5 k) load increases worst-case
settling time to 1.2 ps (when all bits are switched ON). Refer
to the subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximunt rating of 4.2 mA may be used
only for negative supply voltages more negative than —8V,
due to the increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DACO0808 is essentially constant with temperature due to

the excellent temperature tracking of the monolithic resistor
ladder. The reference current may drift with temperature,
causing a change in the absolute accuracy of output cur-
rent. However, the DAC0808 has a very low full-scale cur--
rent drift with temperature. -
The DAC0808 series is guaranteed accurate to within + ¥,
LSB at a full-scale output current of 1.992 mA. This core-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 nA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and-2.1
mA, allowing some- mismatch in the NPN current source
pair. The accuracy test circuit is shown in Figure 4. The 12-
. bit converter-is calibrated for a full-scale output current.of
1.992 mA. This is an optional step since the DAC0808 accu-
racy is essentially the same between 1.5 and 2.5 mA. Then
the DACO0808 circuits' full-scale current is trimmed to the
same value with R14 so that a zero value appears at the
error amplifier output. The counter is activated and the error
band may be displayed on an oscilloscope, detected by
. comparators, or stored in a peak detector.
Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of £, of one part in 65,536 or +0.00076%,
which is much more accurate than the +0.019% specifica-
tion provided by the DACQ808.

MULTIPLYING ACCURACY

The DAC0808 may be used in the: multiplying mode with
8-bit accuracy when the reference current is varied over a
range-of 256:1. If the reference current in the muitiplying
mode ranges from 16 pA to 4 mA, the additional error con-
tributions are less than 1.6 pA. This is well within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supplies an increass in
current for each increment in the binary word. Typically, the
DACO0808 is moanotonic for all values of. reference current
above 0.5 mA. The recommended range for operation with
a DC reference-current is 0.5 to 4 mA.

SETTLING TIME )

The worst-case switching condition occurs when all bits are
switched ON, which coresponds to a low-to-high transition
for all bits. This time is typically 150 ns for settling to within
+ 4, LS8, for 8-bit accuracy, and 100 ns to 1/, LS8 for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns.
These times apply when R < 500Q and Co < 25 pF.
Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when mea-
suring settling time. Short leads, 100 uF supply bypassing
for low frequencies, and minimum scope lead length are al
mandatory. -
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SCL4516B

"TMOS

FEATURES

Internally Synchronous for High Speed
Asynchronous Preset Enable
Asynchronous Reset

Logic Edge-Clocked Design

6MHz Counting Rate @ 10Vdc

Carry Output for Cascading Stages

LR R R 2

DESCRIPTION
The SCL45168 consists of a four-stage Up/

Down Counter with provisions for “look-ahead”.

carry in both gounting modes. The inputs consist
of a single Clock, Carry-in (Clock Enable), Reset,
Up/Down, Preset Enable, and four individual Jam
signals. Four separatev buffered Q signals and a
Carry-out signal are provided as outputs.

A high Preset Enable signal allows information
on the Jam inputs to preset the counter to any
state asynchronously with the Clock. A high on the
Reset line resets all stages to the “‘zero’ state. The
counter is advanced one count at the positive
transition of the. Clock when the Carry-in and
Preset Enable signals are low. Advancement is
inhibited when the Carry-in or Preset Enable
signals are high. The Carry-out signal is normally
high and goes low when the counter reaches its
maximum count in the Up mode or the minimum
count in the Down mode, provided the Carry-in
signal is low. The Carry-in signal in the low state

can thus be considered a ‘‘Clock Enable.”” The-

Carry-in terminal must be connected to Vgg when
not inuse. 1 : %

The counter counts Up when the Up/Down

input is high, and Down when the Up/Down input
_is low. Multiple packages can be connected in
either a parallel-clocking or a ripple-clocking ar-
rangement. Parallel clocking provides synchronous
control and hence faster response from all counting
outputs. Ripple-clocking allows for longer clock
input rise and fall times.

This counter finds primary use in up/down and
differential counting and frequency synthesizer

applications. It is also useful .in A/D and D/A

conversion and for magnitude and sign generation.
. g

TRUTH TABLE

PRESET
CARRY IN| UP/DOWN | ENABLE RESET| ACTION
£ 1 x 0 0 No Count
[ 1 0 0 Count Up
0 o] o o Count Down
X X 1 0 Preset
X X X 3 Reset

¥ o= Mante Caca

BINARY UP/DOWN COUNTER

CONNECTION DIAGRAM
(all packages)

vobvc,:L Q3 P3 P2 Q2 U/D
| ] IR N S N T

.0

16 15 14 13 12 11 10. 9
SCL45168

1 2 3 4 5 6 7 8

1 1T 1.7 T 1

PE Q4 P4 P1 Ci Q1 CO vgg

Add suffix for package:

C 16-pin Cerdip
D  16-pin Ceramic
E 16-pin Epoxy
F  16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage Vpp-Vss 3to15 Vdc

Operating Temperature Ta w :
C, D, F, H Device : -55to +125 ©C

E Device . ) ! 4010 +85 °C

e .7

BLOCK DIAGRAM

“To—re tov—os
90—{R Q2—omn
i .10 0——{ Up/Down
15 O— Clock Q3p—o014
a0—py :
S 120—de2 oaf—o02 -
130—r3
JO—-——JPA ?‘é—'-'};»—-—-or
o

Vpp Pini6
Vgg PinB - )




SCL4516B

96
LOGIC DIAGRAM

Voo
Vss

L T PR S T S

LLL [

L
|-

Y

;
1j
(e

Danill

] g5

— .

—

7
g

ot
0
} A

9

TIMING DIAGRAM

o TE.
4 TE :

12 13 14 15

10 11

9

8

7

s

- N e
¥
a
31 s
>~
%
w0
~ Q
\ {
Yoo

e LN RARRRRRRRRRRRRAARRRRL
Ml
an [ L L I L]

Reset
PE
P1
P2
P3
Pa

Carry In

Up/Down

Carry Out

Count
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SCL45168

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'

2 a 2
PARAMETER Voo | conpiTions | TLow tBC THIGH” | ynits
(Vde) Min. | Max. | Min. | Typ. [ Max.| Min. [ Max. | -
QUIESCENT DEVICE CURRENT |ip] :
; 5 |Vin=VssorVpp | — | - 5 — |0.05 5 — | 150 |pAdc
10 |Allvalid input e 10 - 0.1 10 - 300
15 |[combinations — 20 — |02 | 20 — | 600
NOTES: ! Remaining Statlc Electrical Characteristics are listed under “SCL40008B Series Family Specifications”.
? TLow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign =+125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C_ = 50pF, To = 25°C)
PARAMETER i (\\//%f) l Min. 1 Typ. l Max. l Units
CLOCKED OPERATION
PROPAGATION DELAY TIME Dotk :
Clock to Q 5 - 325 650 ns
. 10 — 125 250
15 — 100 200
Clock to Carry Out 4 5 - 325 650 ns
10 — 125 250
. 15 - . 100 200
Carry In to Carry Out 5 — 175 350 ns
10 — 75 150
15 - 55 110
OUTPUT TRANSITION TIME ' tryn trHL
5 -~ 130 260 ns
10 = 65 130
B 15 — 50 100
MINIMUM CLOCK PULSE WIDTH PWc
y 5 - 170 340 ns
10 — 85 170
15 — 70 140
MAXIMUM CLOCK FREQUENCY £ d '
5 1.5 3.0 — MHz
10 3.0 6.0 -
15 4.0 8.0 —
MAXIMUM CLOCK RISE AND FALL TIME! R ol
5 15 — — s
10 15 5 T =
15 15 ) — _
MINIMUM SETUP TIME b : i
Carry In b B il \ - - 130 260 ns
10 . & . 65 130
7 ‘ : 15 - 50 100
Up/Down 5 - 250 500 ns
10 - 100 200
15 - 75 150
PRESET OR RESET OPERATION
PROPAGATION DELAY TIME D
Preset Enable or Reset to Q 5 - 325 650 ns
10 - 125 250 3
15 - 71 100 200
Preset Enable or Reset to Carry Out s - 410 820 . ns
. 10 - 165 330
. 15 So— | 130 260
MINIMUM PRESET ENABLE OR RESET :
PULSE WIDTH . v PWpe, PWpy
. 5 - 100 200 ns
= . B 10 - .50 100
: 15, - 40 80
PRESET ENABLE OR RESET REMOVAL TIME |t,em R
5 . © 325 650 ns
10 - 110 220 .
15 — 90 180

When units are cascaded, the maximum rise and fall times of the dock input should be equal to or
less than the transition times of the data outputs driving data inputs, plus.the propagation delay of
the outpm driving stage for the output capacitive load.
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N SCL45168B
Y.s, DRAIN VOLTAGE (Vdc)
20 -18 -16 -i14 -12 -10 -8 -6 -4 -2 0 -
I e w—— » b}
Vos =5 Vs —7 5 s £
T
¥os =—10 Vdc # < . =
b 20
25 S = | L
Vs =—15 Vde 3 =15 v,x:w{voc
= S 10 s t
2 o
- 5% Bl Y v T, =25 C
> - ! L1 1 1
T,=125°C 2 0 2 4 6 8 10 12 14 16 18 20
| 1 Vps, DRAIN VOLTAGE (Vik)
Typical P-Channel , ) » Typical N-Channel
Source Current Characteristics — Sink Current Characteristics
APPLICATIONS INFORMATION
CASCADING COUNTERS
PARALLEL CLOCKING
YOO —
- PRESLT —>
ENABLE
i
l1i41 [1114 [ 1144
U'D PE P1 P2 P3 P4 G O PE P1 P2 P3 P4 fuore Pz ez
o &SCL4516B _ e SCLesIeB 5 | o & SCL451685 |
R C‘L Q1 Q2 Q3 Q4 . L] cL CrQ2 @3Q4 R CL Q1 Q2 Q3 Q4
v | I .
RESET : >
T MIPPLE CLOCKING
Uy OO0
PRCSET I =
U-D PE P1 P2 P3 P4 UDl’Ll;l;;L:;LA UDJ(PlIPl?PlJPld i
asc@swaa_o_ desSCLas16Begl, - (eSCLAS16B 5
R CLQ1Q2Q3 Q4 L CL CrC2030Q4 R CL QY Q2 Q3 Q« 4
aox —I 5 . I "
RESET = > i
. The Up/Down control can be changed at ar{y count. The onty restnction on changing
the Up/Down control is that the clock input to the first counting stage must be “high™

Cascading counter packages.

at Q2 Q3 04‘
PE A
ci . €O
Ls.D. ms.o. ~ ©©
SCL45168 Clock SCL45168 ,
1=Up soilsnsed - e
e u/D ) u/D
—R — R
P1 P2 - P3 P4 P1 P2 P3 P4
it e, frn ey | [ oy oo pnas povy
(_{ { (| Lf_,_(__/ S
I :
‘Yoo l
*Voo
Clock tf,n) TRumbwhee! Switches :
{Open for 0™ Resitors = 104N
+Vpp—eL - 1 Sl
Open = Count L‘WV—_L

Programmable Cascaded Frequency Divider



SCL4046B
SCL4446B

FEATURES .

¢ Very low power consumption — 70 uW (typ)
@ fo = 10kHz, 5Vdc ‘

¢ Operating frequency range (no offset) —
Up to 3MHz (typ) @ 10Vdc (SCL4046B)
Up to 4MHz (typ) @ 10Vdc (SCL44468B)

¢ Low frequency drift — 0.04%/°C (typ) @ 10Vdc
¢ Choice of two phase comparators:
1. Exclusive-OR network
2. Edge-controlled memory network with
. phase-pulse output for lock indication
¢ VCO Inhibit control for ON-OFF keying and
ultra-low standby power consumption
¢ High VCO linearity 1% (typ)
¢ Source-follower output of VCO control input
{Demodulator Output)
¢ Zener Diode to assist Supply Regulation
¢ Balanced Output Drive Current Specifications

APPLICATIONS

FM demodulator and modulator

Frequency synthesis and multiplication
Frequency discriminator

Data synchronization

Voltage-to-frequency conversion

Tone decoding ;
FSK-Modems

Signal conditioning

LR 2 R R B 2 4

DESCRIPTION

The SCL4046B and SCL4446B phase-locked
loops contain two phase comparators, a voltage-
controlled oscillator (VCO), source follower, and
zener diode. The comparators have two common
inputs. The Signal input can be used directly
coupled to large voltage signals, or indirectly
coupled (with a series capacitor) to small voltage
signals. The self-bias circuit adjusts small voltage
signals in the linear region of the amplifier. Phase
comparator 1 (an exclusive-OR gate) provides a
digital error signal PCI, ¢, and maintains 90° phase
shift at the center frequency between Signal and
Comparator inputs (both at 50% duty cycle). Phase
comparator II (with leading edge sensing logic) pro-
vides digital error signals PCIIo,¢ and Phase Pulses,
and maintains a 0° phase shift between input
signals {duty cycle is immaterial). The linear VCO
produces an output signal VCOqt whose frequency
is determined by the voltage of input VCO;n and
the capacitor and resistors connected to pins Cla,
C1g, R1, and R2. The source follower output,
Demod Out, with an external resistor is used where
the VCOjp signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables
the VCO and source follower to minimize standby
power consumption. The zener diode can be used
to assist in power supply regulation.

CONNECTION DIAGRAM
(all packages)

ZENER DEMOD OUT =
SIG PC vCco :

VoD IN OUT gy Ry N ‘
| | | | ol | 2

16 15 14 13 12 11 10 9
SCL40468B SCL44468B
1 2 3 4 5 6 7 8

[ [ T 1 1
PCI VCO INH C1 C1 Vgg
ouT ouT (A) (8) . .
PHASE  COMP 3
PULSES  IN -

Add suffix for package:

C 16-pin Cerdip
D 16-pin Ceramic
E 16-pin Epoxy
F 16-pin Flat

H Chip

RECOMMENDED OPERATING CONDITVIONS

For maximum reliability:

DC Supply Voltage Vpp-Vss 3to15 Vdc!

Operating Temperature Ta
C, D, F, H Device 55 to +125 OC -
E Device ‘40 to+85 ©OC |

BLOCK DIAGRAM

sm&m. Voo
V/ 3

PHASE S
COMPARATOR| | COMPARATOR T PHASE COMP 1 OUT-
IN &
e )
PHASE COMP II OUT
v PRASE
H COMPARATOR
veo .S '
ouT PHASE PULSES R3
[
o —@H veo N Neow
D PASS -
T O & 2 |ruEr
Vss*'\N\"@‘ DEMODULATOR
AP el

) Vss
GH Rg [}
INHIBIT f 'F

vss @zsucn Vis

Fig. 1
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SCL4046B, SCL4446B

VCO SECTION

The VCO requires one external capacitor (C1)
and one to two external resistors (R1 or R1 and
R2). Resistor R1 and capacitor C1 determine the
frequency range of “the VCO and resistor R2 en-
ables the VCO to have a frequency offset if re-
quired. The high input impedance (1012Q) of the
VCO simplifies the design of low-pass filters by
permitting the designer a wide choice of resistor-to-
capacitor ratios. In order not to load the low-pass
filter, a source-follower output of the VCO input
voltage is provided at terminal 10 (DEMODULA-

TOR OUTPUT). If this terminal is used, a load
resistor (Rg) of 50k§2 or more should be connected
from this terminal to Vgg. If unused, this terminal
should be left open. The VCO can be connected
directly or through frequency dividers to the com-
parator input of the phase comparators. A full
CMOS logic swing is available at the output of the |
VCO. A logic 0 on the INHIBIT input “enables”
the VCO and the source follower, while a logic 1
“turns off” both to minimize stand-by power

consumption.

PHASE'COMPARATORS

The phase-comparator signal input (terminal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels [ logic “0"<30% (Vpp -
Vss), logic “17 = 70% (Vpp-Vss)]. For smaller
swings the signal must be capacitively coupled to
the self-biasing amplifier at the signal input.

Phase comparator I isan ex;lusive-OR network;
it operates analogously to “an over-driven balanced
mixer. To maximize the lock range, the signal and
comparator-input frequencies must have a 50%
duty cycle. With no signal or noise on the signal
input, this phase comparator has an average output
voltage equal-to Vpp/2. The low-pass filter con-
nected to the output of phase comparator I supplies
the averaged voltage to the VCO input, and causes
the VCO to oscillate at the center frequency (Kt

The frequency range of input signals on which
the PLL will lock, if it was initially out of lock,
is defined as the frequency capture range (2f¢).

The frequency range of input signals on which
the loop will stay locked if it was initially in lock is
defined as the frequency lock range (2f ). The
capture range can not exceed the lock range.

With phase comparator I, the range of frequen-

cies over which the PLL can acquire lock (capture

range) is dependent on the low-pass-filter character-
istics, and can be made as large as the lock range.
Phase-comparator I enables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal.

One characteristic of this type of phase com-
parator is that it may lock onto input frequencies
that are close to harmonics of the VCO center-
frequency. A second characteristic is that the phase .
angle between the signal and the comparator input
varies between 0° and 180°, and is 90° at the center
frequency. Figure 2 shows the (typical) triangular
phase-to-output -response characteristic of phase-
comparator 1. Typical waveforms for a CMOS
phase-locked-loop employing phase comparator I
in locked condition is shown in Figure 3.

AVERAGE OUTPUT
VOLTAGE

Voo

Voo/2

! !
0 90° B8O°

SIGNAL-TO- COMPARATOR
INPUTS PHASE DIFFERENCE

AYERAGE OUTPUT VOLTAGE —V

Fig. 2 — Phase-comparator I characteristics at
low-pass filter output.

PHASE COMPARATOR I

Input State

X X

SIGNAL INPUT (TERM. 14] i l : l I
vCO OUTPUT (TERM 4 )«
COMPARATOR INPUT

(TERM 3) L

PHASE COMPARATOR I l l I I ‘ l l
OUTPUT (TERM. 2)

Sig Comp — Voo
In In VCO INPUT (TERM.9)e S SeS
LOW-PASS FILTER
PC I Out 0 1 OUTPUT —Vss

Fig. 3 — Typical waveforms employing phase comparator Lin locked condition
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PHASE COMPARATORIL

Input State

x x
Sig  Comp
In In
3 State
1
PCICOut o Outout Disconnected
Phase Pulses o ! B

SIGNAL INPUT (TERM. 14)

VCO OUTPUT (TERM 4)=
COMPARATOR INPUT

(e JERAIER, o MYy

(TERM 3)
PHASE "COMPARATOR TI -V
% OUTPUT (TERM.13) LLAPS e+ e RS i e VDD
- -Vss
i > -
VCO INPUT (TERM. 9) = B 2 v—— 00
LOW=-PASS FILTER ~Vss
OUTPUT 5 (1

PHASE PULSE (TERM. 1)

1

. NOTE: DASHED LINE IS AN OPEN-CIRCUIT CONDITION

s \%s U—'VDD

-Vss

Phase-comparator IL is an edge-controlled digital
memory network. It consists of several flip-flop
stages, control gating, and a three state output
circuit comprising p- and n-type drivers having a
common output node. When the p-MOS or n-MOS
drivers are ON, they pull the output up to Vpp or
down to Vgg, respectively. This type of phase com-
parator acts only on the positive edges of the signal
and comparator inputs. The duty cycles of the
signal and comparator inputs are not important

_since positive transitions control the PLL system
utilizing this type of comparator. If the signal lags
the comparator input in phase, the n-type output
driver is maintained ON for a time corresponding
to the phase difference.
lags the signal in phase, the p-type output driver is
maintained ON for a time corresponding to the
phase difference. Subsequently, the capacitor volt-
age of the low-pass filter connected to this phase
comparator is adjusted until the signal and com-
parator inputs are equal in both phase and frequen-
cy. At this stable point, both p- and n-type output

If the comparator input .

Fig. 4 — Typical waveforms employing phase comparator IIin locked condition.

" drivers remain OFF. Thus, the phase coniparato’r;

output becomes an open circuit and holds the volts,
age-on the capacitor of the low-pass filter constant::
Moreover, the signal at the “phasé pulses” output is”,
a high level which cdn be used for indicating a:
locked condition. Thus, for phase comparator eSS
no phase difference exists betweensignal and com—‘
parator input over the full VCO frequency range.
Moreover, the power dissipation due to the low-"
pass filter is reduced when this type of phase com- &
parator. is used because both the p- and ntype;;
output drivers are -OFF’ for ‘most of the sqgnal
input cycle. .

It should be noted that the PLL lock range for'_,
this type of phase comparator is equal to the cap-©
ture range, independent of the low-pass filter. With ©
no ‘signal present at the signal input, the VCO is ’,
adjusted to its lowest frequency for phase com- :
parator II. Figure 4 shows typical waveforms for
a CMOS PLL employing phase comparator IT in a
locked condition.




This information is a guide for approximating
external
SCL40468 and SCL4446B in a Phase-Locked Loop
system. The selected external components must be
within the following ranges:

the values of

SCL40468B, SCL4446B .

DESIGN INFORMATION

R1,

components for the

Ina

tions.

R2 =2k}, Rg =10k

C1 > 15pF

ddition to the given design information refer

to Figure 5 for R1, R2, and C1 component selec-

CHARACTERISTICS

USING PHASE COMPARATOR L

USING PHASE COMPARATOR IT

VCO WITHOUT OFFSET VCO WITH OFFSET

Ry~ =

VCO WITHOUT OFFSET

VCO WITH OFFSET
Ry= = %

VCO Frequency

Vo2 VYoo
VCO i%>UT VOLTAGE

Ypp/2 Yoo
YCO INPUT VOLTAGE

MAX

1

i 21
4!

'WN 1 ik e
Y00/2  Vpo 0’2 VYoo

¥CO INPUT VOLTAGE VCO IXPUT VOLTAGE

For Nc Signal Input

VCO in PLL system will adjust to center frequency, f

VCO in PLL system will adpust
to lowest operating frequency, fmin

Frequency Lock Range, 2f |’

2 = full VCO

21 = fmax—fmin

frequency range

Frequency Capture
Range, 2ic

Loop Filter
Component «
Selection

1
2fc=—
=

For 2 fc.see Ref.

fc="1L

Phase Angle between
Signal and Comparator

90° at center frequency (f,), approximating C° and
180° at ends of lock range (2f)

Always 0° in lock & .

Locks on Harmonics of

'max_ fo + fL

fmin  fo —fL
I * fmax .
- - with
min =

Fig.5¢c to determine
ratio R2/R1 10 obtain
R1

Center Frequency Yes No
9 . .
S4gnal I(\p\l( Noise High Lol
Rejection
— Given: fy — Given: {_ and f_ — Given: fmax — Given: fmin & fmax
— Use f, with Fig.5a to — Calculate fm;qn from — Calculate f, from — Use fmi\n with Fig.5b
determine R1 and C1 the equation the equation 10 determine R2andC1
frin = fo —fL = fmax fmax
— Use fmin withFig. 5b °" "2 — Calculate g
to determine R2and C1|  _ Use f,, with Fig.5a to ™
fmax determine R1and C1 — Use f_ma_me Fig.5¢
vCO — Calculate v s fmin :
Co! nent ™n i =
- mpo from the eqesation 1o determine
Selecno_n ratio R2/R1 to

obtain R1 =

REF.G. S. Moschytz,

“Miniaturized RC Filters Using Phase-L

ocked Loop”, BSTJ, May, 1965.
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SCL40468, SCL4446B
ELECTRICAL CHARACTERISTICS 1.3
2 °, 2 R
PARAMETER Voo | conDITIONS |_TLOW Sl ThiGH Units | &
(vdel Min. | Max. | Min. | Typ. | Max. | Min. | Max.| . |
QUIESCENT DEVICE - [ A v ]
CURRENT 6 |Inhibit = Vpo = 5 - loos| 5 -
10 |Signal input= — 10 -} 0.01 10 —
15 - Voo _ | 20 §-. =02 4 20 <
TOTAL POWERDISSIPATION [Py | tnh = Vss, :
VCO,, = Yoo
f, = 10kHz, :
5 | C.=15pF L £ — {007 - - - | mw
10 | R1=1MQ, L L _los 9 _ _
15 R2=Rg = \ /, = 24 = - . 5

NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.- R
2 T ow = -55°C for C, D, F, H device. g } .
= -40°C for E device. N
Tuign = +125°C for C, D, F, H device. :
=+ 85°C for E device. .
3 VCO output {pin 4) and Phase Comparator Outputs (pins 2 and 13) have been designed for
balanced output drive current specifications. Consult Family Specifications.

’ . 25°C i
PARAMETER CONDITIONS Vi - UNIT |
Min. Typ. Max.
VCO SECTION |
MAXIMUM OPERATING|  frax ! i
FREQUENCY i
SCL40468 - R1 Ci
R2 =0 10k 50pF 5 0.5 038 = MHz 4
VCOw - Voo 10 1.0 15 = 4
15 1.3 1.9 = :
5k 50pF 5 0.6 1.0 [a MHz
1 10 14 2.1 = ‘
15 1.8 77 s
2k 50pF 5 A e = 1.3 — | MHz i
10 = 29 L S
15 —~ 38 &
SCL4446B R2 = o R1. C1 .
VCO = Voo | 10k 50pF | = & 0.7 10 | - MHz
10 1.3 2.0 -
: 15 1.9 28 o
5k 50pF 5 09 | 13 - MHz
10 ¢ 19~ | 29 — —
15 2.6 39 = ;
2k 50pF 5 - | 18 - MHz
10 - 39 =
15 = 5.4 —
LINEARITY , R2=oo . .
VCOW = 2.530.3V, 5 - 1 = %
R1=>10k§2
VCO,y = 5.0£2.5V, 10 - 1 -
R12400k§2 g .
VCOy = 7.5£5.0V, 15 = 1 -
R1>1MQ )
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ELECTRICAL CHARACTERISTICS (Continued)

N

SCLA4046B, SCL4446B

+25°C
" UNIT
PARAMETER CONDITIONS Voo T, Tyo. | Max. |
VCO SECTION (Continued)
TEMPERATURE-
FREQUENCY
STABILITY
No Offset R2 =0 5 - 0.12-0.24 e %/°C
10 = 0.04-0.08 =
15 - 0.0150.03 | —
With Offset R2< 10X R1 5 - 0.06-0.12 — %/°C
10 L 0.05-0.1 =
15 £ 0.03-0.06 -
INPUT RESISTANCE Rin
(VCO,,,) 5,10, 15 - 10° - MQ
OUTPUT DUTY All valid input combin-
CYCLE ations and voltages — 50 — %
OUTPUT TRANSITION f_ . ¢
TIME TERTTRN 6 = 50pF 5 = 100 200 | ns
10 = 50 100
15 = 40 80
PHASE COMPARATORS
INPUT RESISTANCE
Signal Input Rin 5] 1 <1 — MQ
10 0.2 0.7 5
15 0.1 0.3 5
Comparator Rin 5,10, 15 = 10° - | M
Input
AC-COUPLED INPUT  {V,4
SENSITIVITY
Signal Input 5 — 200 400 mV
10 AL 400 800
15 s 700 1400
OUTPUT TRANSITION
TIME
PCI, PC TriH. tTHL 5 = 100 200 ns
Gutputs C_ = 50pF 10 = 50 100
15 = 40 80
Phase Pulses [ty n, tTHL 5 = 130 260 ns
Output 10 = 65 130
15 — 50 100
DEMODULATOR OUTPUT
OFFSET VOLTAGE VCOn-
Voem | Rs=>50k2 5 = 1.4 22 | Vdc
‘ 10 = 1.6 22
15 - _ 18 22
LINEARITY Rs>50k 2
- . VCOn =2.5%0.3V 5 - 0.1 - %
VCOn =5.0£2.5V 10 = 0.6 -
VCO,y = 7.5%5.0V 15 - 0.8 -
ZENER DIODE
ZENER VOLTAGE Vv, Iz = 50uA - 6.3 7.0 77 | Vv
DYNAMIC Ry Iz = 1mA - - 100 - Q
RESISTANCE
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Conter frequency fq

o Sesem: o= pp =
SCL40468 | H— = §SCLA44466 —H 41—t =t
MR DRI I R
T ettt
nel Rqy=2k§2, vpp = 15V nsl Ay- 28 vpp 15V
Vi =10V v 10v
7 vgg- sv %h T P %,vgg sv =
i
N ik N X, A 1 {1
1.2 1 N i
I FE RN A T 1]
S X A o NN TR [l
h Ry = 1060 vpp =15V b B N ] | Ry 1042, vpp = 18V
9 EAT- Vpo = 10V 3 100 K2 —-——+413 - R Voo - 10V
Yoo ® ¥ c LT NG \waf\ Voo ¢ 5V
i T s A NN A et
»oz N = e T ena Q&:_—\\ IR0\ N;\ i
J R RN = BN Y N
AN 3 THEBNNNRN AN
1w N \‘L\\ g 1Az —’r*‘- g
NS RN 8 - [l
TS CRNAINN R R S5 A NN
w4 Ay - 10082, \‘;DD' 15V 100 R, 100xL) vop 15V ERRSAINS O
oo = 10V = Ve 10V 1 }
Voo *, 5V NNANAN N M S EN TN BN Y
; Ll AN INNSENNNASY
1 1 1 1 vt I 1
T T SRR BESEIEEEANNNE N
I Ry = 1M, vpp = 15vE < 1), vpp sV "M
Vpp = 10V Vpp ¢ 10VET |
oL voo - svi | Y B voo “f/ %\‘ 1\}
R RTINS R RN\ et N T T TIRNN T
n? 0 107! 1? ' 1 1" 1! w? e 1 1"
C1 (uF) C1 (uF)

\"
Fig. 5 (a) Typical center frequency (fg) vs C1 (R2= 00, VCO N = —2e) , Ta=25°C)
2
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Fig. 5 (b) Typical frequency offset vs C1 (VCOn = Vgs, Ta =25°C)
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NOTE: To obtain approximate total
power dissipation of PLL system

for no-signal input
Pp (Total) = Pp (f ) + Py tmin! + Pp (Rg)
— Phase Comparator |

PD (Total) = PD (fMlN)
— Phase Comparator 11
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SCL4046B, SCL4446B
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SCL4093B Preliminary

| CMOS
QUAD SCHMITT TRIGGER.-

FEATURES

Schmitt Trigger Action on each Input with no
External Components

Quad 2-Input NAND Configuration

Noise Immunity Greater than 50%

No Limit on Input Rise and Fall Times
Balanced Output Drive Current Specifications

>0 oo o

DESCRIPTION

The SCL4093B consists of four Schmitt
trigger circuits. Each circuit functions as a 2-
input NAND gate with Schmitt trigger action on
both inputs. The gate switches at different points
for positive- and negative-going signals. The differ-
ence between the positive voltage (Vp) and the
negative voltage (V) is defined as the hysteresis
voltage (V). This device is useful in high-noise
environments and in wave and pulse shapers and
multivibratoss. X

LOGIC DIAGRAM

*
S>>
p—= cHY)Y
o r—P>—D=orx
Y=AB
* All inputs protected by
Standard Protection Network -

CONNECTION DIAGRAM
(all packages)

Vpp 4A 48 4Y 3Y 3A 38

| | | | It |

14 13 12 11 10 9 8
SCL40938

1 2 3 4 5 6 7

1 I [ | 1 1

1A 18 1Y 2Y 2A 2B Vsg

Add suffix for package:

C 14-pin Cerdip
D 14-pin Ceramic
E 14-pin Epoxy
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability: 3
DC Supply Voltage Vpp-Vss 3to15 Vde

Operating Temperature Ta
C, D, F, H Device -55 to +125 ©°C
E Device 40to +85 ©C

BLOCK DIAGRAM
\

1A —4 - Voo
1B —5 13 4A
17 —4 12 48
2y —2 ) 4
. 2A Y 0 3y
28 — 2 3A
Vss — 38

Y = AB
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SCL4093B (Preliminary)

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS -3 ‘

° 2
PARAMETER’ Voo | conpITIONS Teow’ . t25°C THIGH Units
(Vdc) Min. | Max. | Min. | Typ. | Max. | Min. [ Max.
QUIESCENT DEVICE loe )
CURRENT s 5 |Vin=VssorVpo| — | 0.05 — 10.0005{0.05 | — |15 |uAdc
10 |All valid input - 010 - 0001|010 | - |30
15 . {combinations — | 0.20 — 10.002 |0.20 |. — |6.0
POSITIVE TRIGGER Ve )
THRESHOLD VOLTAGE MOl 5 3 typ 29 typ 291typ . |vdc
T 10 5.9 typ 5.9 typ 59 typ
15 8.9 typ 8.9 typ 8.9 typ
NEGATIVE TRIGGER: Vi
THRESHOLD VOLTAGE (V)| 5 2.6 typ 2.3 typ 21typ  |Vdc
10 4 typ 3.9 typ 3.8 typ
15 5.5 typ 5.4 typ . 531typ

NOTES: ! Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
2 Tiow = -55°C for C, D, F, H device.
= —40°C for E device.
Fuign = +125°C for C, D, F, H device.
=+ 85°C for E device.
3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS (CL =50pF, To =25°C).

PARAMETER (‘\’/32) Min. Typ. Max. Units
PROPAGATION DELAY TIME teLH. oL 5 - 300 600 ns
10 A 150 300
15 = 120 240
OUTPUT TRANSITION TIME B T 5 - 100 200 ns
10 - 50 100
15 3 40 . 80
Vos. DRAIN VOLTAGE (Vdc) = —
20 -18 -16 -14 -12 -1Io ? ? 4 2 0 36 Ve = 15 Vée ——1
Ves==5 v“__// -5 oS E 40 L—1
(| b 10 F = 3
1 o = 4 4
Ve =—10 Véc 7 52 2
— 20 = 2317 Ves = 10 Ve
/) -25 % = fg 1
30 R
35 = g 10 /}'/
P o Z = o
Vs =—15 Ve -] « 3 - = s vc_,l 5 Vde T.=25¢C
| l=2scd4s & ] L1
1 1 = = 0 2 4 6 8 10 12 14 16 18 20
-50 Vi, DRAIN VOLTAGE (Véc)
Typical P-Channel . Typical N-Channel

Source Current Characteristics Sink Current Characteristics
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Voo

F=—t = -

DRIVER LoD
QuTPUT INPUT
CHARACTERISTIC CHARACTERISTIC
vo v
2 oo g
Py £y o N
= — Losic 17, . LOGiC ™,
Vet veVx ouTPuT NeuT
REGION REGION
_______ 7 N LTt Y Pp—— SR
L7 N (R i S ——— [ R R v T p— S
LoGC “0” L
Y A d ouTPUT _
REGION s
\ Yss

Vi VU tMAX) - Vo SV (Max)
et VI N - v v i

Transfer characteristic
of 1 of 4 gates.

Input and output characteristics.

5 L 15
INMPUT VOLTAGE (Vp)-v

11T T
T T [ - T
AMBIENT TEMPERATURE (T, )+28° LTI T bapas: ks
IREI ]
. H ISEDEE N SEI T < SUPPLY VOLTAGE (V, SY ——d
Anteaslo N I Mo s aasnuncart naean by . Fa :
15 . T > 44 T17 1
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= - H & =
5 " ] '8 B = 8o s ]
3 CURRENT u ol o 3K} 4
> 73f PEAX T H 3 2 A X —___ 4
- 1y 1 s [T
2 Y N z =\ { _ssec.—— |ALL OTHER 171
& Hosv = =4 1255 PACKAGE 11
S s e L 05z il A e INPUTS T
5 19 81 i S 2 T vpo 1]
- ,
3 :__t } +
aaE .
2sp : T T
b1} TS ? : 1 = '
IT H - o i + +
) o s 15

INPUT VOLTAGE (Vv )-v

Typical current and voltage transfer characteristics.

Typical voltage transfer characteristics as a
function of temperature.

T g & T T
I T = AMBIENT TEMPERATURE (T,)+25° ¢ [ITIIT 111 ey
T 1 T T 1 t T +
(3 : e IR a8 1 1 JIRE S T
H : = Tt 1 ;
S t o s
= o (0 2
S 2 2
1 2 ;
g 2 5 !
: g © :
= > b L7 .
x{ S o a
>1> = T
T 3 a
™ = e Rn N 1
" - + 4 T ¥w H
2 res = o
« 1 x V<8 BEB R
= e AN T T
£ assasss 5 HH HH :
T 1+t S T < 4 t - 1
1 + " z 1 Cr 1 8 2 —+
EesssTEEY Hi = H : H HE
: - A e T Rana
S 10 3 20 o 10 3 20
SUPPLY VOLTAGE (Vpo)—V | SYPPLY VOLTAGE (vpp) =¥
Typical trigger threshold voltage vs. Vpp. Typical per cent hysteresis vs. supply voltage.
1 2z ]
APPLICATIONS1NFORMATION )
" Yoo .,,1 TO CONTROL SIGNAL
TC COmT®OL
TO COoNTROL SIGmAL r S O Voo v, P
sicnac on oo 00 1/4 SCLA0S  ©
on Voo R .
: vss P Yss Vs
SO me TUTCS | | i ;
e % P
e .Y . vss Voo _] CTF1/4 SCL40938 M E 2mclaigm
% v
Sct40338 Yss 1w E RC $a (22, T 30aflcmsinO
Vs ve WO pF < CHpf
FREOUENCY RANGE OF WAVE SHAPE 0.l cR<IN vss
IS FROM OC TO | wHy FOR THE RANGE OF m amO C 100 pF < C < 1uF FOR THE RArwiil OF R AND C GIVEW
GIVEN 3,1 < 1y, <0 34 2pr < 14 <2250 .

Wave shaper.

Monostable multivibrator.

Astable muittivibrator.
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SCLA4049UB Inverting
SCL4050B Non-Inverting

CMOS

HEX BUFFERS /CONVERTERS

FEATURES

¢ Direct Drive of 2 TTL/DTL Loads

4 Operation from Single Supply

¢ PinforPin Replacements for SCL40098B,
SCL40108

DESCRIPTION

The SCL4049UB and SCL4050B are Inverting
and Non-Inverting Hex Buffers, respectively, and
feature logic-level conversion using only one supply
voltage (V). The Input-signal high level (V) can
exceed the V¢ supply voltage when these devices
are used for logic-level conversions. These devices
are intended for use as CMOS-to-DTL/TTL con-
verters and can drive directly two DTL/TTL Loads.

The SCL4049UB and SCL4050B are inter-
changeable with SCL4009UB and SCL40108B de-
vices, respectively. In these applications the
SCL4049UB and SCL4050B are pin-compatible
with the SCL4009UB and SCL4010B, respectively,
and can be substituted .for these devices in existing
as well as in new designs. Terminal No. 16 is not
‘connected internally on the SCL4049UB or
SCL40508B; therefore, connection to this terminal
s of no consequence to circuit operation.

SCHEMATIC DIAGRAMS

Yee

SCL4049UB

M

vee
i i . :] I
our

"1

SCL40508

t

D&

1

CONNECTION DIAGRAM
(all packages)

NC 6Y 6A NC 5Y G5A 4Y J4A

I SN N T SN N S|

16 15 14 13 12 11 10 9
SCL4049UB  SCL40508

1 2 3 4 5 6 7

| T
Vee 1Y 1A 2Y 2A 3Y 3A V

o]
2

Add suffix for package:

C 16-pin Cerdip
D 16-pin Ceramic
E-  16-pin Epoxy
F  16-pin Flat

¥ g Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage Vce - Vss 3telhl Wd
Operating Temperature Ta
C, D, F, H Device -55 t0 +125 ©OC
E Device 40to +85 ©OC

Note: These devices contain input protection net-
works to Vgg only. Therefore, V| (max)
may exceed Vg without damage (subject
to absolute maximum ratings).

LOGIC DIAGRAMS

1A ’—(><4 1Y 1A i{>—’ 1Y
2A 2{>* ov 2a 2> 2v
3A 1> 3y 3a > 3v
aA. 2{>2 av an 2{>2 av
s5A 2 sy 5A = 2 5y
6A = 2 6Y 6A X 2 6Y

vee vee —

ves 2 B ves 2

i Y=A e Y=A
SCL4049UB SCL40508
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SCL40498B, SCL4050E

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

2 ° 2
PARAMETER Vee | conpiTions | TLow WLl THIGH” | ynits
s (Vdc) Min. | Max. | Min. | Typ. | Max. | Min. | Max. -
QUIESCENT DEVICE
CURRENT cc S |Vin=VssorVpoc| - 1.0 -] 0.009 1.0 - 30| pAdc
10 {All valid input - 2.0 - 0.01 20 | . - 60
15 |combinations - 4.0 — 0.02{ 4.0 — 120
MINIMUM INPUT HIGH Vin
VOLTAGE
SCL4049UB . v 5 [Vgr =0.5V - 4.0 - 275 | 4.0 - 4.0| vdc
N o /| 10 |VoL=1.0v — 80, — |55 | 80 - 8.0
15 |Vg =1.5V — 12.0 — 8.25 { 12.0 — 12.0
MAXIMUM INPUT LOW Vie
VOLTAGE
SCL4049U8 5 |Vou=3.6V 1.0 - 1.0 225 - 1.0 — | Vdc
10 |Von=7.2V 20 - 20| 45 - 2.0 -
15 {Von=10.8V 3.0 — 3.0 | 6.75 — 3.0
QUTPUT LOW (SINK) loL
CURRENT
C. D.F, Hdevices T 5 {Vo_=04V 4.0 - 32| 64 - 24 — | mAdc
10 |Vg_=0.5V 10 B 8.0 (16 - 5.6 -
15 |Vg =1.5V 30 - 24.0 {40 - 16.8 -
Vin=Vss of Voo
E device 5 {Vo_=0.4V 3.8 = 3.2 | 6.4 - 26 — | mAdc
10 |V =0.5V 96| — 8.0 |16 - 6.4 -
15 |Vo=1.5V 28 - 24.0 (40 - 19 -
Vin=Vss or Voo
NOTES: : Remaining Static Electrical Characteristics are listed under “SCL4000B Series Family Specifications”.
* Tiow =-55°C for C, D, F, H device.
=-40°C for E device.
Twign = +125°C for C, D, F, H device.
=+ 85°C for E device.
3 These devices have been designed to meet the balanced output drive current specifications for
Qutput High (Source) Current. Consult Family Specifications.
DYNAMIC CHARACTERISTICS (C_ =50pF, T4 =25°C)
PARAMETER Vin [Vee | Min. Typ. Max. Units
J (vdcl|(vdc)
PROPAGATION DELAY TINE teLn
SCL4049u8B 5 5 - 60 120 ns
’ \ 10 {10 - 32 65
15 115 - 25 50
1O mimg, - 45 90 ns
15 5 - 45 90 &
SCL40508 5 5 - 70 140 ns
. 10 {10 - 40 . 80
15 - |15 - 30 60
0 |5 = as 90 ns
15 5 - 40 80
SCL4049U8 o s |s - 32 65 ns
10 |10 - 20 40 .
15 |15 — 15 30
10 5 - 15 30 ns
15 5 - 10 20
SCL40508 5 5 - 55 110 ns
10 (10 - 27 55
15 |15 - 15 30
10 5 - 50 100 ns
' 15 5 - 50 100
OQUTPUT TRANSITION TIME Uyive 5 | 5 - 80 160 . ns
10 |10 - 40 80
15 |15 - 30 60
Triy 5 5 - 30 60 ns
10 10 - 20 40
15 |15 - 15 30
INPUT CAPACITANCE Ciky
SCL4049UB |~ | = = 15 225 pF
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SCL40488B, SCL40508

“Yos. DRAM{ VOLTAGE (Vdc) )
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 ] i [
L 5 ) |
Ves=—5 Vdc— S s < Vs = 15 Voc ]
el — 10 2 £ [
Lol 15 2 Z 20
Vs =-10 Vde 7 52 u
= 20 = < 100
= >
Vi 25 g S 8
30 A < 60 / Vi =10 Vde
-35 3 S 40 A - .|
”Z s 2 o/ |
Vs =—15 Vdc 40 3 = 2 V=5 Vdc T,=25°CH
1 —aecd4s B I [
T ] T‘l 25, B 0 2 4 6 8 10 12 14 16 18 20
) Vs, DRAIN VOLTAGE (Vdc) E
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
o E SUPPLY VOLTAGE (Vcc)® 1OV}
> 9 7o : = : :
| : 3 T
- (" e AMBIENT TEMPERA —
2 § -|E=EE £12700 iq(r)-.ss-c :
- 7 7 = et
§ i ‘é’ s I T .“ T
) s =B Vec sV :
: 4 T = a: a: T
E 2 = = s
. 228 c - T =
' : : E =S58 pEnns ==
o 1 2 3 y 3 8 9 © o 1 483 ¢ ¥ &7 } 9 .IO
INPUT VOLTAGE (VI 1—¥ ¢ INPUT VOLTAGE (YII—V
Typical voltage transfer characteristics as a function Typical voltage transfer characteristics as a function

of temperature for SCL4049UB. of temperature for SCL40508B.
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» NEW SINGLE-PHASE UNITY POWER FACTOR
PWM CONVERTER-INVERTER SYSTEM

Masayuki Morimoto, Katsumi Oshitani, Kiyotaka Sumito,

Shinji Sato, Munecaki Ishida® and Shigeru Okuma**

;:-‘_..._ Mitsubishi Heavy Industries,Ltd.
“Mie University

“*Nagoya University

SRR
“Abstract

R A

ke s‘ing]c«phtmc, unity power factor converter-inverter
-‘éﬁr"(,'scntcd‘ The converter circuit which delivers si-
© pesoidal input current regulates dec voltage.  The in-
werter swhich is with the magnetic flux control PWM
: mdhod gcncra((‘s variable voltage, variable frequency
. PWM wavcform in order to minimize the output volt-
oge'!di.s(ortion factor. The experimental result shows that
- Ahe-motor cfficiency is as high as that of the sinusoidal
wlput voltage. As a result, the system cfficiency and the

éaclor are improved.
@ o

ntroduction

L‘i’%lc .Voltage, Variable Frequency (VVVFE) drive of
.&;mduclmn motor ts widely used both in industrial and
“applications. Especially in houschold, single
t and three-phasc-output inverters for motor
‘_‘_u_?;ccomc popular. A voltage source PWM inverter

'(‘vl;l\cy device for such VVV drives of small induction

§ oA 3

)ﬁ_ converler circuit of the PWM inverter, a
-‘:’ 4w‘ll*m:'.mpul type rectifier converter has been used.
éﬂ,“ eer, it causes the harmonic distortion of the ac cur-
‘( land the low power factor opcration.

155

Bcccn(h‘ a unity power factor converter circuit for ac

Ic \ol(agc regulator has been reported (1){2). This

M'gon\cr(cr is onc of the solutions for the problems
nverter nrcull.

4lI~‘I)orlcd Hombu ol al [5] reported mauﬂy on the
ml éschene of (he converter circuit of the converter-

v8ystem.  Nonaka cf al [4] reported the control
_P_;ilof mverter circuit based on dc link voltage. B.T.
&y - «"ll"] reported the design method of the converter-
5""}«~Systcm based on the loss of controllability and

PU( harmonic distortion. llowever, in designing

high efliciency VVVF drive system for practical applica-
tion, it is the motor efficicncy that should be taken into
consideration.

In this paper, ncw control strategy of the converter-
inverter system for motor drives is studied. For the new
system, the single phase, unity power factor ac to dc volt-
age converter is used. The magnetic flux control PWAS
method is used as the PWM strategy of the inverter. The
modulation factor of the inverter which uses controllable
dc voltage is studied in order to make motor efficiency
high. It is shown that over-modulation resulting from
low dc link voltage is a key design factor.

2 Control strategy of the con-
verter

Fig. 1 shows the circuit configuration of the new
converter-inverter system. The single phase converter
is connected to the three phase inverter circuit through
dc link. . The converter is a so called “Buck-Boost™ cou-
verter with a single power switch. The inverter circuit is a
conventional bridge circuit which has six power switches.
The control strategy of the converter is described here-

after.
L
AN ot
A Z
é C =
- <
.
2/ ~<\
.
B
uf LA
SINE L
'WAVE
CONVETER INVERTER
CONTROL CONTROL
cIRCUIT ClRCUIT

f I

v £

~

Fig.1. Circuit configuration.
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| (CURRENT wavE FORMI

V1#DOW COMPLRETOR

SIND wavE

Pwi SIGNAL

M/~

Vout (OUTPUT

{—m:lnc(»
— P

— V* (COMMEND)

COMPARATOR

Fig.2. Control diagram of converter.

Fig. 2 shows the control diagram of the converter cir-
cuit. The PWM control of the converter has a double
control loop. The input current waveform is controlled
with the window comparator so that it follows phase and
shape of the source voltage. The rectified source voltage
is used as the sinusoidal reference waveform. The out-
put dc voltage of the converter is controlled by the outer
control loop so that the dc voltage of the inverter circuit
may change. The feedback dc voltage and the command
voltage are compared. The error is multiplied in order
to make instantancous reference waveform. In the inner
current control loop, the feedback current waveform and
the reference waveform are hysterisis-controllied with the
window comparator. The output signal of the window

POWER FACTOR 99 %
INPUT CURRENT
OUTPUT VOLTAGE 218V

10 Arms

SWITCHING
FREQENCY 2.5kHz
CURRENT DISTORTION
FACTOR 0.04 %
10A/div
2ms/dw

Fig.3. Ac line current waveform.

comparator is the P\WM waveform of the converter.

Fig. 3 shows the typical ac line current waveform of
the converter. The input power factor is nearly unity,
although, the switching {requency is below several kilo-
hertz. A bipolar transistor is used as the power switch,
and it contributes to improve power factor.

In this system, the voltage V7* is used as the command
of the converter control because the converter operates as
the voltage source for the inverter.

3 Control strategy of the inverter

The control strategy of the inverter is the magnetic flux
control PWM method(6]. which is based on eight kinds of
voltage vectors made of a inverter bridge, shown in Fig.
4. In the figure, on state of the upper inverter bridge

denotes *17. and off state, “07.

Vi (o,0,.1) Vs (1,00l

Vo (0.0,0!
(2R RY]

V(o) ValLoo)

Ve (11,01
vz (0,0) ‘

Fig.4. Voltage vectors made by inverter.

The flux locus produced from the inverter outpy
age is divided into equal blocks. Each block corre
to the digital control interval of the PWM patten
voltage vectors are selected every time interval ¢
the flux vectors produced from inverter output}
line voltage may move along the ideal circle. 4

In the converter-inverter system, dc link voltage
controlled by the PYWM control of the converter. I
to make motor cfficiency high, the modulation s
of the magnetic flux control method with conlrolL
input voltage is discussed hereafter.

3.1 The fundamental component
PWM waveform

it O s

In the high efficiency VVVF drives of induction r
the design of the fundamental component of Lhe
terminal voltage is the major design factor, becaus
fects motor characteristics such as torque, eﬁicii:u?

The principle of the conventional triangular-si
PWM method is shown in Fig.5. The output PWM
are generated by comparing the sinewave and thg
gular wave. Ideally, the amplitude of the sinewave
sponds to that of the output fundamental voltag
rms value of output fundamental line to line vol
the conventional PWM pulses is expressed as follc

l

-4

V= _‘@ Ay Epc ‘1

V2 2 {

wl 1
here 3
¥, fundamental component of the line 0‘2
voltage (rms value) It

A4y :  modulation factor (0 < Ay <'1) 1
Epc: dc link voltage. ‘}x
§

4

1.0

Fig.5. The principle of triangular-sinewave PWM
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line current waveforms of various distortion factors. Over-
modulation(A} > 1.0) with low dc link voltage is a key
design factor of the new system.

4 VVVF drive of the new system

A new VVVF drive system is realized by using control-
lable dc voltage of the converter and the magnetic flux
control PIWWM inethod of the inverter. In Fig. 9, the volt-
age distortion factor of the new system and that of the
conventional inverter with an uncontrolled rectifier cir-
cuit are shown. The distortion factor of the conventional
system is high especially at low motor frequency, while
that of the new system is low for all motor frequencics.
The over-modulation can reduce the distortion factor.
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Fig.9. Distortion factor of VNV drive
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Fig.®. Motor line current waveforms.



The voltage utilization factor is defined by the ampli-
(udcof the fundamental component when A, = 1.0. That
Is:

3
£ = 0.866
2
On the other hand, in the magnetic flux control PWA

method, the output fundamental voltage is proportional
(o the radius of the flux locus, and is expressed as:

Vi E
v, = 75/1,—;9 2)
4 = 2= )

where
4 - modulation factor of the flux control
PWM method
4: ratio of the zero vectors in the PAWM
pattern.

The radius of the flux locus is determined by the ratio
of 10 vectors in the PWM pattern. The circle of the
fiux locus is madec from six voltage vectors (V1 ~ VG),
although, the PWM pattern consists of cight vectors in-
cluding zero vectors(V0, V7) which indicate zero output
voltage. Accordingly, (1 — 7) is proportional to the mod-
ulation factor. The maximum value of A7 is

4 W
—=1.27
x

P'Eﬁ\’(hc flux locus is a hexagon. The modulation factor
be varicd from 0 to 1.27 in the magnetic flux control
PWM method.
.. In'the conventional inverter, as shown in equation (1),
oulpul voltage is controlled by changing the modulation
_‘QK"A/. because the de link voltage Fpc is constant.
gﬂ’}h_c"o(hcr hand, in the new system, both dc link volt-
8¢ Epc and the modulation factor A}, in cquation (2),
an bc»conuolled. In the next subsection, the procedure
ddt}é{ming A} when Epc is controllable is discussed.

<
ke,
%?&T}]e effect of A3
gotdiverler PWAM pattern design by the magnetic flux
gﬁ\({gl‘(‘t_nclhod with controllable dc voltage is studied
sretiimentally. The motor used is a two pole, 800W three
ﬂ,ggﬂ_qc(ion molor.
BSEHE shows the effect of the modulation factor A
p A ﬂ_ﬁcicncy. The fundamental component of the
i terminal voltage is kept at 120V. The experimental
i £hows that the motor efficiency is high when A7 is
e 2 83 the voltage distortion factor is small.
f"- €7 ‘h?\vs the motor cfficiency na; when the distor-
* ity L‘;" l: varied by changing the number of blocks k
NN‘L& c .lfndamcut:\l component of the motor termi-
w8 will be kept constant. Fig. 8 shows the motor
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Fig.10 shows the motor characteristics at 35 Hz. The
#Neﬂ'lcmnc) of the new system is as high as that of the
luolda.l drive. On the other hand, the motor cﬂ‘lcxcncw
i‘\'ﬂl with the conventional inverter is low.

g, 11 shows the system cfficiency and the power factor.
2aystem efficiency is defined by (motor shaft output
) [(system input power) . The power factor is calcu-
by the system input rims value. High efficiency and
,SP:O“_"" Ijad.or VVVF drive systam has been achieved.

! lralcgy of a new VVVF drive system is pre-
-3 'I;\cnc“ system which delivers sinusoidal current,
LA “L waveforms Ly the magnetic flux control
'ch modulallcn factor of the ma&ncllc flux con-
F‘ rmllh controllabk dc link voltage is studied.
\[8 ulc dls(ortlon factor is reduced by the over-
’i\'wllh low dc link voltage. The experimertal
b2 TNS Lhe at Ahe motor cfficiency is as high as that
.'-....empul voltage. High cfficiency, high power
2 fve system has been achieved.
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