



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Dual Tone Multi Frequency Generator PSB 8592

General description

The DTMF Generator PSB 8592 is specifically designed to implement a dual tone telephone dialing
system. The device can interface direcily to a standard pushbutton telephone single-contact
keyboard type x-y matrix code and operates together with an integrated speech circuit. All
necessary dual-tone frequencies are derived from the widely used standard TV crystal (3.58 MHz)
providing very high accuracy and stability. The required sinusoidal waveform for the individual
tones is digitally synthesized on the chip. The waveform so generated has very low total har-
monic distortion. The votage reference is on speech circuit and regulates the signal levels of
the dual tones to meet the recommended telephone specifications. The Buffer-Amplifier is also
situated in the speech circuit, which provides the Overvoltage-Protection. Other applications of
the device include radio and mobile telephones, remote control and process control.

Block diagram

VSSD VDDD
¥ 12 v 10
0z1(5 11
in ighti ¢ Vo
= Clock »| Programmable »| Weighting D/A
T 4 oszillator dividers registers converter S| v
0z2 y S ”
. 7 |
Main divider ‘ " DA | samping [
Timer control 7| stage
——aq
i 7 Il
x (1 RAM + Data verification Filter +
e [T > 22 Digits Mixer + +| Freq. out
x4 | 15 'l;t;y?oard Buffer
{
y1 S +
A | P S A—
v e—> Main control Le—s{ Pause Flash Mute
program
- . o>
6 7 13 4 14
CE Pause Flash Mute

Functional description

Internal Logic Description

After detecting a key closure the oscillator will start. When the oscillation is high enough to operate
the first flip-flop the oscillator current will be reduced and the whole logic will be reset. The chip
command starts first the logic-comparator to suppress the switch bouncing. After the protection
time the valid code will be stored in the RAM. First the RAM will be reset, when the valid Code
is a new dialed number. Then the code will be read out of the RAM and will program the two
dividers of the sinewave synthesizer. This will be done continuously until the key is released,
or as long as the sending timer (80 ms) works. In the meantime further digits can be stored in
the RAM. After the sending timer has finished or the key contact opens the command starts the
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Dual Tone Multi Frequency Generator PSB 8592

pausetimer (80 ms), the same counter is used in both cases. At this point the command reads
the next digit from the RAM or finishes the function of the device. The command also sets the
MUTE output to high, when it is programming the dividers and sets the MUTE output to low before
finishing the function of the device and will remain low until new sinewaves are generated. If
the detected key closure is the redial function the commmand starts to readout the stored number
from the RAM. If the detected key closure is a single tone mode, the command only programs
the appropriate divider during key depression. The MUTE output has the same function as in
dual-tone-mode without timing.

Mute output:

sending DTMF-signals

no key depressed

Tone Generation

When a valid key closure is detected or a digit is still in the RAM marked for access the com-
mand programs the high and low group dividers with appropriate divider ratios, so that the out-
put of these dividers cycle at 26 times the desired high group and low group frequencies for
a minimum of 80 ms.

The outputs of the programmable dividers drive two 6 stage up and down counters with con-
nected sign bit. The symmetry pulses of the clock inputs to the two counters divided by 2 with
the sign bit allows 26 equal time segments to be generated within each output cycle.

The 26 segments are used to synthesize digitally a stair-step waveform to approximate the sinewave
function (see Figure ) in one D/A converter for the high and low group frequency. To synthesize
the two sinewave functions in one D/A-converter it is necessary that the converter works in under
600 ns because he must be multiplexed between the two functions. This is done by connecting
a weighted capacitor ladder network between the outputs of the counter via sign bit circuit con-
nected to V=V, or V,, and virtual ground. The peak-to-peak amplitude of the stairstep func-
tion is weighted by a connected sample and hold capacitor with a different value for the high
and low frequency-group. After the sample and hold capacitor a low passfilter follows, one for
the high and one for the low frequency group. The individual tones generated with different
amplitudes and filtered separately are added linearly and drive an output buffer.

Single Tone Mode

A low group tone can be generated by activating the appropriate row inputs with ground. A high
group tone can be generated by activating the appropriate column inputs with V. In this mode
no digit frequency combination will be activated and no digit will be stored in the RAM.

The generation time depends on the duration of the input function. A stored dial-number remains
in the RAM.

Clock Generation

The device contains an oscillator circuit with the necessary parasitic capacitances on chip so
that it is only necessary to connect the standard 3.58 MHz TV crystal across the OSCl and OSCO
terminals to implement the oscillator function. The oscillator functions whenever a row or col-
umn input is activated until all timing functions are terminated.
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Dual Tone Multi Frequency Generator PSB 8592

Connection to keyboard

P *
PP 2
I, ;
LA “ | ese:

y5

y4

y3

y2

yi

Keyboard Interface

The device can be connected directly on a X-Y Matrix Key-Board without protection against multi
key function. Internal logic prevents the transmission of illegal tones when more than one key
is pressed. Individual tones can be obtained by connecting a column input to V., or grounding
a row input. The inputs are static after key recognition, i.e. there is no noise generation as oc-
curs with scanned or dynamic inputs. The interrupt of more than 4 ms on the key-inputs releases
the Key-function in the recognition-circuit.

After this next digit will be detected.
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Dual Tone Multi Frequency Generator PSB 8592

Synthesized output waveforms
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Aktiv Output Frequency (Hz) %
Input specified actual without crystal drift
X1 697 695.32731 — 0.241
X2 770 773.4539 + 0.448
X3 852 849.84449 — 0.254
X4 941 942.97813 + 0.210
Y1 1209 1207.67375 — 0.110
Y2 1336 1336.64862 + 0.049
Y3 1477 1480.37428 + 0.228
Y4 1633 1638.98581 + 0.365
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Dual Tone Multi Frequency Generator PSB 8592

Special Functions

Keyboard configuration (maximal)

~ High group frequencies
L Hz | 1209: 1336 | 1477 1633 Function
O 697 1| 2 | 3 | A R |x1
W _
R = Redial
g 770| 4 5 6 B P |x2| 0 e
— — | G = Go for shortening
r Pausetime
0852 7 8 9 C G |[x3| F = Flash
u - _
p 941 * 0 # D F x4
f oyl y2  y3 - y4 oy
r.

The position of the 4 Special-Keys is in the device mask-programmable.

~ Redial-Function

If the redial-button is depressed after handset pickup, all stored numbers in the RAM including
Pause- and Flash-function will be sent out. After termination and during Redial-Function it is pos-
sible to dial further digits, which will be sent after termination of the Redial-Function. Before start-
ing the redial-function a superversion circuit checks the usefulness of the RAM contents.

Programming of Pause

If the telephonsystem needs pauses for example for trunksearching or dial-tone connection, the
pauses must be stored in the RAM. To store such pauses only depress the Pause-Button, after
this further digits can be dialled. The number of pauses is unlimited. The timing of the pause
is programmable via the Pause-Programming-Pin.

There are 3 choice: Programming-Pin connected for 3 s,
connected to ground 5 s,
open unlimited Pause.

Go-Function

To Go-Button terminates the unlimited pause. Furthermore all timed pause-functions can be ter-
minated earlier. With a transistor connected in parallel to the Go-Button-Switch the pause can
be terminated by operating the transistor with a dial-tone recognition-circuit.
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Dual Tone Multi Frequency Generator PSB 8592

Flash-Function

The Flash-Function will be handled like the pause-function, it will be stored in the RAM. The
number of Flashes is unlimited. The Flash-Output goes to V_ for 90 ms and after one Flash-
function is completed the DTMF-Signaling will continue after a pause of 900 ms.

Special-Pulse-Pause-Timing for German-Post-Application in the Redial-Mode

In the Redial-Mode in German-Post-Application the timing must be 80 ms for sending DTMF and
240 ms for pause.

This feature is realized with a lightly modified device. The reason for this is, to keep the sending
levels on carrier-wave-systems in the specified ratio.

BCD-Coding

The device has the possibility to operate with a BCD-Interface. The BCD-Inputs are the column
pins y1 to y5. To program the device for BCD-Code the row inputs x1 and x4 must be grounded
in the same time, when the BCD-Code appears on the column inputs. All digits including pause
and flash are stored in the RAM. The minimum timing will be 5 to 8 ms. A quick timing for BCD-
Code-Input is possible with Test-Mode-Feature.

Hook-switch/Power-Down

The device is in Power-Down-Mode, when the Hook-Switch-Input is low. In this mode the pull-up
resistances are disconnected on the 4 row-inputs and all inputs a passive. In this case the max-
imum ratings are valid on the inputs. When the Hook-Switch-Input is high =V __, the row and
column-inputs are activated and the device can be started via the inputs.

oo’

Option: Different exchanges have interruptions in the power feed of the line during trunk-searching
time. Therefore it is difficult to detect the right onhook-switch function; we propose to provide
our line-power-fault detection with the following function. After every interruption of line power
feed, the device starts a timing of 320 ms, during this time the needed power comes from the
buffercapacitor (only DTMF and PAUSE-Function). If the power feed is restored in the mean-
time, the device will ignore the interruption, after 320 ms, the device will accept the interruption
as a exchange release and the stored digits are prepared for Redial. During the interruption the
device accept dialing but can no send DTMF.
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Dual Tone Multi Frequency Generator PSB 8592

Electrical Characteristics

Absolute Maximum ratings:

min max unit
DC Supply voltage Voo Ves -0.3 +7 \Y
Input voltage at any pin -0.3 V,,+0.5
Power Dissipation at 25°C P 10 mwW
Operating Temperature top -25 +70 oC
Storage Temperature t, -55 +125 °C
D.C. Characteristics
Test conditions min typ max unit
Supply Voltage = Reference Voltage — 3.5 — Vv
One Key selected
Operating current Tone, Mute output 1 2 — mA
unloaded
standby current no key selected
output unloaded — 1 — uA
MUTE output resistance 4 5 7 KQ
A.C. Characteristics
Test conditions min typ max unit
Oscillator frequency — 3.5795 — MHz
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Dual Tone Multi Frequency Generator PSB 8592
Key closure recognition with x-y key-board
case 1  switch bouncing  on
1
Key 1 off ignored
Key 5 ignored accepted
case 2
Key 1 accepted
- tp— tp—
Key 5 ignored
Key 7 ignored
case 3
Key 1 f accepted
- tp - tp 4 tp j
Key 5 ] g;l accepted

tp = time protection (4ms)
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PSB 7510
LCD Controller

Advance information MOS circuit

The PSB 7510 monolithic integrated circuit controls numeric LC displays in quadrupie
multiplex operation.

Due to “MICROPACK" outline (film carrier), the LC display units are extremely thin and
compact.

Features

® CMOS Si-gate technology @ Selection of one flag per digit available
® Supply voltage 2.5 Vto 6 V @ 2 different character sets

@ Display.up to 20 digits, 7 segment (0 -9, 3 bars, A, U blank or

@ MUX 4 0 -9, 2 bars, A, b, ¢, d, blank)

. .
@ On-chip oscillator 64 pin MICROPACK

@ Cursor or blinking selectable

AG 8/84
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LCD Controller PSB 7510
Type Ordering code Quantity Minimum | Maximum

per order shipping | shipping
unit quantity | quantity
(items) (items) (items)

Series product

film PSB 7510 |Q 67100-Z 155-A 101 1500-2500 100 —_

Sample

punched out PSB 7510 |Q 67100-Z 155-A 103 |5 5 50

DIP 64

intermediate PSB 7510 | Q 67100-Z 155-A 102 |1 1 5

carrier

For prototyping, limited quantities of components can be delivered as punched out MICRO-
PACK, or soldered on a DIP 64 intermediate carrier.

Shipment of the series product will be on metal film rolls (CMOS!). These film rolls are the
property of Siemens and must be returned when empty.

As the individual rolls do not contain a constant number of components, smaller or lager
quantities are possible for partial shipments of large quantities.

Logic symbols
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LCD Controller PSB 7510

gz Pegdgsacss
Pin configuration
Voo 1 8 AD0
Vico 2 W7 s
OUTRO 3 b ouTC39
OUTR1 “ L5 ouTC38
OUTR2 S (Y8 ouTC3?
OUTR3 6 43 0uTC36
TC3S
= H PSB 7510 b = b
ouTC2 9 L0 ouTC33
ouTC3 10 39 ouTC32
oUTCé 1" 38 ouTCN
ouTCS 12 37 ouTC 30
ouTCs 13 36 ouTC29
ouTC? 1% 35 ouTC 28
ouTce 15 3% ouTC2?
ouT (Y 16 33 ouTC26
ESESZLESSEREREER
2333353333335333%
Pin designation
Pin No. Symbol Description
1 Voo Positive supply voltage
2 Vico LCD input voltage
; OUT RO
: : Output row drivers
6 OUT R3
7 QUT Co
: : }Output column drivers
46 OUT C39
47 CS Chip select
43 ADO
: : }Binary inputs for address and data
52 AD4
53 RES Reset
54 WR Write data latch enable (non inverting)
55 WR Write data latch enable (inverting)
56 ALE Address latch enable
57 BCE Blink and cursor enable
58 CRS Character ROM select
59 Vss Ground
60 MF Selection of multiple flag
61 B/C Blink or cursor function select
62 0sC1
: : } Oscillator inputs
64 0OSC3
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LCD Controller PSB 7510

Figure 1
Block diagram

ALE WR WR MF (RS
ADO
AD1 .
AD2 | RAM ;::::::;: fer.lgligter
AD3 ‘ 1
AD &
t $
BCE ! f
o Seauerce e | p e
RES 3
1‘__1 b
i
|
0sC1 Latch ~ |
asC2 ost er::el:::ion l
0sc3 g |
l 1
Vss LCD voltage LCD row L] LCD cotumn
generation J driver driver
Voo
—— ‘
l--- 4 —--I ---40 ===
P
Vi OUTRO. .OUTR3 0UTCO... OUTC 39

Functional description
(fig. 1 and pin description)

The PSB 7510 controls LCDs in a quadruple MUX mode.

The inputs ADO-AD4 accept the display address and display data in binary code. The display
address is latched with ALE and used to address an internal RAM. The data is then stored
in the internal RAM using WR control signal (fig. 2). The further translation of the display
address and data in the RAM is asynchronous to the external control signals and is
performed internally using an on-chip oscillator.

In each MUX step the character ROM translates the RAM contents and loads the result
into a shift register. At the end of each MUX phase the shift register is latched and used to
control the bidirectional switches for the LCD drive signals. The LCD voltages are generated
from the input voltage V| cp by an integrated resistor network. Polarity as well as magnitude
of the ‘actual LCD voitage for the output analog drivers is provided by a low-resistive
switching network.

The IC additionally features underscoring of selected digits by blinking or cursor.

Input B/C selects blinking or cursor and is enabled with blink or curscr enable BCE.
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LCD Controller PSB 7510

Logic type

Positive logic is used

Vop = “H” high level = logical 1 = positive voltage
Vss = “L" low level = logical O = negative voltage

1. Chip select CS
The PSB 7510 responds to external signals only when CS is activated.

2. Reset RES
Reset clears the display and fills the internal RAM with blanks.

3. Address and data input ADO...AD4

The address pending at ADO....AD4 is latched with the falling edge of ALE. After this
address assigment, the display data pending at ADQ...AD4 is read into the RAM with the
trailing edge of WR (fig. 2). The inputs use binary code.

Figure 2

s ‘ l
ALE 8

ADO..
ADL Floating X Address X Data X Floating

4. Multiple flag MF (internal high-ohmic connection with V)

When MF = 1, normal data input can be used to set one flag per digit at any desired
position of the display. The character set automatically specified by MF = 1 (set |)
comprises the characters 0...9, 3 bars A, U and a blank. In this case, the character ROM
select CRS input is “don’t care”.

The selected locations are specified by writing a “1” into the unused fifth data bit for this
character set (set |).

When a character with a flag is changed, the flag must also be rewritten.
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LCD Controller - PSB7510

5. Select of character set CRS (internal high-ohmic pullup resistor)
Input CRS is used to select the character set | or Il, when MF =0

Set I: CRS =0
Set Il: CRS =1

6. Blink or cursor function select B/C (intemal high-ohmic pullup resistor with Vpp)

The input selects whether a digit is to be highlighted in the display by blinking or by
a cursor.

Blinking: B/C =1

Cursor: B/C=0

When using the blink option with characters with a flag, the flag blinks as well. The cursor
option is not available for characters with a flag.

7. Blink or cursor function enable BCE

BCE = 1 enables the blinking or the cursor function (fig. 3). The address of the
character in the display that is to be highlighted is latched with the falling edge of ALE.
ALE must be followed by a WR signal.

Following data information is “don’t care”.

This function can only be stopped with BCE = 0.

Reset RES has no effect.

Characters can only be changed when this function is disabled. After a character
change, the blinking or cursor address must be given again. The blink or cursor function
is available only for one digit at a time.

Figure 3
Blink/cursor functions switched on

(s _—] L--—
BCE Ir_| - —__—‘_
ALE I |

1 : ——
:gz Floating X Address x Don't care: X  Floating

Blink/Cursor ___,
function
switched on

——
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LCD Controller PSB 7510

8. Oscillator inputs OSC 1, 0SC 2 and OSC 3

The RC circuitry of these inputs determines the frequency of the oscillator. With an
oscillator frequency of 25.6 kHz, the refresh rate is 40 Hz. (refer to fig. 4).

Figure 4
RC circuitry of oscillator inputs

1

-, 3
i 0sC1 162

B 05t | PSBT510

G == 0SC 3

64

Suggested values: R=270kR
G ,Cz= L07FIF

9. LCD voltage V cp
This voltage is applied from off-board and is divided by an integrated resistor network
into the optimum interim values.

10. Output drivers

They provide the analog voltages for the LC display
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LCD Controller ” PSB 7510

Display input data

Data Display Address Address code
Set | Set |l
00000 0 0 0 00000
00001 1 1 1 00001
00010 2 2 2 00010
00011 3 3 3 00011
00100 4 4 4 00100
00101 5 5 5 00101
00110 6 6 6 00110
00111 7 7 7 00111
01000 8 8 8 01000
01001 9 9 9 01001
01010 bar above bar above 10 01010
01011 bar center bar center 11 | 01011
01100 bar below A 12 I 01100
01101 A B 13 01101
01110 u C 14 01110
01111 blank D 15 01111
10000 blank 16 10000
17 10001
18 10010
19 10011

Input of an undefined data word causes a blank to be displayed at the respective display
location.

Figures 5
Liquid crystal matrix organization

}y1 y2
x1 F A
x2 |G B
x3 |E c
x4 -D P
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LECD Controller PSB 7510
Maximum ratings
Ambient temperature under bias Tamb —25to 70 °Cc
Storage temperature Tatg —40t0 125 °C
Supply voltage referred to GND Voo Oto7 \"
All input and output voltages v —0.3to Vpp+0.3 |V
Total power dissipation Piot 3 mwW
DC characteristics
Tamo = 25°C, Vss =0V, Vpp=25Vto 6V
Test conditions Min. Typ. | Max. Unit
L input voltage Vi Vss 0.25x Vpp |V
(all inputs, OSC1)
H input voltage Vin 0.7 x Vpp Voo v
(all inputs, OSC1)
Input leakage current Iy 1 RA
(all inputs, OSC1)
Operating supply voitage Voo 2.5 6 \"
LCD voltage Vico Vss S Vieo S Vpp Vss Voo A
Supply current Iop Vop =3 V, ext. clock 30 pA
Vpp = 4 V; ext. clock 50 100 pA
Vpp = 6 V; ext. clock 100 BA
Resistor network for LCD voitage 62 kG
AC characteristics
Tamp =25°C 10 70°C, Vgg=0V, Vpp=25Vto 6V
ALE pulse width te 100 ns
Address set-up before ALE taL 120 ns
Address hold from ALE tia Vop=6V 50 ns
Address latch cycle time toya 1 us
Control pulse width WR, WR tec 100 ns
Data set-up before WR, WR tow 150 ns
Data hold from WR, WR two Vop =6V 50 ns
Write data cycle time teyw 1 us
Oscillator frequency fosc : 25 100 kHz
Clock pulse width twH External clock 0.1 20 us
Clock pulse rise time trm fosc 25 kHz 5 us
Clock pulse fall time tTHL fosc 25 kHz 5 us
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PSB 7510

Waveforms
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Assembly instructions for MICROPACKSs

Delivery package
The MICROPACK PSB 7510 is generally delivered on metal film spools in metal cans. For
prototypes, the |C can also be packed individually. MOS handling is necessary.

Substrate connections

For assembly of the MICROPACK, the connection points on the substrate must be coated
with solder. This can be achieved by:

@ galvanic deposition and melting

@ screen printing and melting

@ dip or wave tinning

Solder tin composition: Sn 60 / Pb 40
Thickness of the layer: approx. 15 pm (after melting)

Line identical to the capton
edge of the MICROPACKS

6L | Detail "A"
‘I_—'—”L:' %//7% *Measure after etching
// 2% / A ( Substrate connection )
T 1 /,’ Z -
L7 5
wn //'/ ) »
©3 5 17 g 5
wnw —V T —
e 2 s ‘ S
- b : 15
] % ! % N —.l‘ Necking
1 7 N —2.0
v, ,/M Field for substrate connections
s e

i ~15:0A5 6754

‘ ..——76.01 —-1

—11 —  ——d Dimensions in mm

Note: Necking of the connection leads is not required in the case of galvanically deposited
Sn/Pb and subsequent meiting.
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Assembly recommendations
All assembly recommendations are valid for the following substrate materiails:

@ epoxy resin

@ hard-paper

@ ceramic (thick-thin-film)

@ flexible materials, as for example polyimide
@ glass

I. Prototypes and small quantities
(e.g. up to approx. 1.0/year)

Recommended processing method:
Manual soldering with mini soldering iron

Principle

Solder-coated IC Soldering iron
substrate lead

\

Film
carrier

IC cover

\ MICROPACK leads
\

Required equipment and accessories

@ devices for cutting and punching (only when processing from tape)
@ forming tools
@ temperature-regulated miniature soldering iron, certified for the soldering of
MOS components
@ stereo microscope (magnification 6...40 x)
@ suction tube or tweezers
@ hair brush
@ sodium-free flux according to DIN 8511 (e.g. pure colophonium dissolved in aicohol)
@ cleaning agents (if required): e.g. Freon T-P 35 and TF
@ bench top suited for the processing of MOS components

Soldering data

@ soldering temperature at the soldering iron tip: 230°C max.
® soldering time: approx. 1to 2 s
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Procedure

Caution! The general rules for the processing of MOS components must be followed
during all operations.

Cut MICROPACK leads free with hand tool (for components delivered on spools only).

Cutting dimensions: 9.2 + 0.05 mm x 11.4 £ 0.05 mm

Capton spacer material

k] }
: .
£ T
> b
3
o
a O
| |
—_— 4 23
X direction
o 1142005 — &

Caution! Only cut free along the dashed lines!
Do not cut the 4 capton spacers.

Form MICROPACK leads with hand tool.
(For the relief of mechanical stress when mounted)

Forming dimensions

# 1902

0,2+001
0,2:001

Dimensions in mm
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Punch MICROPACK out of the film tape with hand tool (for components delivered on spools
only)

Detail A"

T — T

-

Lay down the punched MICROPACK onto an electrically conductive surface vacuum pickup.
Coat the mounting points on the substrate with flux (with brush by hand).

Position the MICROPACK and adjust by hand under stereo microscope (approx. 5 to 10x
magnification).

Solder the individual leads by hand with soldering iron under stereo microscope

Important! First solder two opposite leads. This prevents a shifting of the MICROPACK
during the soldering process.

Cleaning (if required)

Move the substrates one after the other for approx. 1 minute in T-P 35 and TF for example
(no ultrasonic cleaning).

Place the cleaning substrates on an electrically conductive surface or in appropriate trays.
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Il. Medium quantities
(e.g. up to approx. 30.0/year)

Recommended,assembling method:
Pulse soldering with manual device

Principle
Soldering head
(Pulse resistance heating)

N
Solder-coated \\
substrate conneth\or? &\ s
s

R I
W

Required equipment and accessories
As in |, only instead of the soldering iron:

Substrate

Pulse soldering device
Pulse soldering head (dimensions according to the drawing)

& 7 2
: I 1R 4 /
f ! 7 ZZZ
. ‘ i Soldering area
" | 3
- - - i
T ‘ =)
! | /. }
1 | 7.
f '
7z
r-— 8.2;:a.os—o¢‘ ,..0“’;0'8 Dimensions in mm
Head holder

Control device (temperature, time)
Substrate holder (with micro-manipulator, if necessary)
Stereo microscope

Soldering data

Soldering temperature at the pulse soldering head: 230°C max.
Soldering time: approx. 2 s plus an additional holding time of 1 s until the solder becomes
solidified.
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Procedure

As described in I. including the positioning of the MICROPACK onto the substrate and the
adjustment.

Further steps

Position the substrate with the positioned MICROPACK onto the substrate holder of the
pulse soldering device.

Lower, adjust and set down the soldering head onto the MICROPACK leads manually, then
trigger the soidering pulse.

After the Pb/Sn solder becomes solidified (holding time, observation through stereo
microscope) raise the soldering head and place the substrate onto an ‘electrically conductive
surface or in an appropriate tray.

Caution! Ceramic and glass substrates must be preheated and the stated temperatures
must be maintained during the soldering process.

Ceramic: 150°C
Gilass: 125°C

Neither preheating nor cooling may be sudden (danger of breakage).

Cleaning (if required) as in .
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lil. Large quantities
(e.g. approx. 30.0/year)

Recommended assembling method:
Semi-automatic pulse soldering

Principle

Vacuum pickup tool MICROPACK

Soldering head___ .

(Pulse —~
resistance heahing)

’ 7/ e
Vo P24
Substrate —' /S // /4 v
e Ay LS
H Lo S
[ . S

Substrate holder

Take up Cut free
! Form I

1 J © () |
l | Supply spool
Film guide Rerouting for MICROPACKS
I
Punch out

-
!
!
|
|
|
|
|
|
|
|
|
|
|

L ——— Pulse soldering
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Required equipment and accessories
Semi-automatic puise soldering device including tools for cutting, forming and punching.

Stereo microscope (magnification 6 to 40x).
Flux according to DIN 8511 (e.g. pure colophonium dissolved in alcohol).
Cleaning agents (if necessary): Freon T-P 35 and TF.

Soldering data

Soldering temperéture at the pulse soldering head 230°C max.
Soldering time: approx. 2 s plus an additional holding time of 1 s until the solder becomes
solidified.

Procedure

Position the supply roll in the pulse soldering device.

Coat the mounting positions on the substrate with flux by hand or machine.
Position the substrate onto the substrate holder.

Caution! Ceramic and glass substrates must be preheated and the stated temperatures
must be maintained during the soldering process.

Ceramic: 150°C
Glass: 125°C

Neither preheating nor cooling may be sudden (danger of breakage).

Machine-cut, form, punch and pre-adjust the MICROPACK.

Fine-adjust with micro-manipulator (under the stereo microscope or on a monitor).
Pulse-solder by machine.

Place the substrate onto an electrically conductive surface or in an appropriate tray.

Cleaning (if required): as in .
IV. Very large quantities
(e.g. approx. 500.0/year)

Recommended assembling method:
Fully automatic pulse soldering
Processing method as in lll. but fully automatic
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Final inspection

It is recommended that a final visual inspection of the mounted MICROPACKSs be included
after soldering or cleaning, respectively (under the stereo microscope, magnification 6 to 40x).

Important criteria

The solder transition between the MICROPACK leads and the substrate traces should be
concave tapered.

The connections to the semiconductor IC must not be damaged.
The solder on all substrate leads must be visibly meited.

MICROPACK and substrate surface must not show signs of soiling after soldering or cleaning,
respectively.

Replacement

Experience shows that MICROPACKs can be replaced as many as five times depending
on substrate material and layer construction.

Desolder the MICROPACK with miniature soldering iron or hot air gun and tweezers. The
leads are heated to the meiting point of the Pb/Sn solder and bent up with the tweezers.

Plane the mounting spots and recoat with flux.
Solder in a new MICROPACK using one of the methods described.

Manufacturers of assembly equipment for MICROPACKs

The following companies supply equipment for manual, semi-automatic and fully-automatic
assembling:

1. Weld-Equip Sales b.v. Fa. Weld-Equip Deutschland
Engelseweg 217 Josef-Retzer-Str. 47

5705 AE Heimond 8000 Minchen 60
Netherlands Phone (089) 883601/02

2. Fa. Farco Schweiz

Girardet 29

CH 2400 Le Locle
Phone (0041) 39318954

3. The Jade Cooperation Jade Corp. USA, represented by Fa. BFi
3063 Philmont Avenue Assar-GabrielssonstraBe 1 B
Huntingdon Vallery, Penna, 19006 6057 Dietzenbach-Steinberg

USA Phone (06074) 27051
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SDA 5200 N
6-Bit Analog Digital Converter

Preliminary data

The SDA 5200 N is an ultrafast A/D converter with 6 bit resolution and overflow output.
After cascading, it enables straightforward construction of 7 bit or 8 bit A/D converters,
respectively (refer to application circuit).

Apart from a guaranteed strobe frequency of 100 MHz and excellent linearity, the

SDA 5200 N has an outstanding analog bandwidth which — from the analog side — enables
application up to the limit of the Nyquist theorem.

The SDA 5200 N is pin-compatible to the ICs SDA 5010, SDA 6020, and SDA 5200 S
(differing output code in the overflow;.

Main features

Strobe frequency 100 MHz

6 bit resolution (1.6%)

Overflow output (7th bit) at simultaneous blocking of the remaining outputs — simple
cascading for 7 bit or 8 bit A/D converters

Broad analog bandwidth (140 MHz)

High slew rate of the input stages (typ. 0.5 V/ns)

Processing of analog signals up to the Nyquist limit

Linearity = 1/4 LSB ’

No sample and hold required

Dynamic driving of reference inputs for analog addition and multiplication
Power dissipation 550 mW

ECL compatible

Logic compatible supply voltage +5 V; -5.2 V

DIC 16 package

The following versions!') are available upon request:

IC with a non-linear conversion characteristic of a given characteristic curve
IC with any output code (e.g. gray code)

') Conditions upon request AG7/83

875



6 Bit Analog Digital Converter SDA 5200 N
Via
Block diagram ,
C e e T o R R 1
- Vir 0’1%— L e T e SRS U
T S s S S
S
Y \ :7 ‘=|7
Comparator \/ \/
Strobe ) stages I :
Register ! :

1st encoding (AND)

ki

2nd encoding (OR)

4

Internal
supply
Output stages
IS —_— J W -
1 16 9 0 [11 [12 13 [ |15
Os1 Os; Dy D D3y D, Ds D¢ D
Signal chart
+1/4 LSB
D,| Dg| Ds|Dy| D3| Dz Dy _.\r
HiLjLjLipLoptjtL
L{H|/H|H|H|H]|H
LI{H|H|HIH]|H]|L
[ W S A A O O S I IR A %
LiLjLf{L{Lf{L]|H
U U N AT R AU I . * — Via
0 1 2 62 63 64
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6 Bit Analog Digital Converter SDA 5200 N

Pin configuration (Ceramic 16 pin DIL package)
(top view)
Os, D, O, 05 D, D, D, D.

% 15 1 13 12 1" 10 9
o

LI L I T T J0CJ0C T 0T
1 2 3 4 S 6 7 8
Osy +Vig Vju -Vig Vy Strobe sV, -V

Pin Symbol Function
1 Os: Digital ground 1
2 +Viq Positive reference voltage (+2 V)
3 Via Analog signal input (max. +2 V; -3 V)
4 -Vir Negative reference voltage (-3 V)
5 Vin Hysteresis control (O V ... +2.5 V)
6 Strobe Strobe input (ECL)
7 +Vs Positive supply voltage (+5 V)
8 -Vs Negative supply voltage (-5.2 V)
9..14 D, ... Dg Data outputs, bits 1 ... 6 (ECL)

15 Do Overflow output

16 Os» Digital ground 2
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6 Bit Analog Digital Converter SDA 5200 N

Maximum ratings Lower Upper

limit B limit A Unit
Supply voltage +Vy -0.3 6.0 \%
Supply voltage -Vs -6.0 0.3 \Y
Input voltages Via, +Vir, =Vir -3.5 2.5 \)
Strobe Vitrobe -Vs 0 \
Hysteresis control Viu 0 3.0 \"
Voltage difference 0g1-0s2 -0.5 0.5 \
Operating temperature Tamb 0 70 °Cc
Storage temperature Tsg -55 125 °c
Characteristics l Lower \ I Upper
Power supply limit B | typ. limit A Unit _
Pos supply voltage +Vs 4.5 5.0 56 \Y
Neg. supply voltage -Vs -5.7 -5.2 -4.7 \"
Current consumption
at +Vg = +5.0V, V, = -V los ' 50 80 mA
at -Vg = -5.2V, V= -V;q Iy | 55 80 mA
Analog part
Signal input
Max. input voltage Viamax ~Viamin +Virmax Vv
VIAmax = I (+V|Rmax) - (_VIRmm) I 5 V
Via for 6 bit resolution 0.3 \"
Via for 2 LSB linearity 1.2 0.6 Y
Via for s LSB linearity 24 1.2 \%
Input current
at Vi, = +Vjz ) Ia 150 500 pA
at Via < -V Ia -500 500 nA
Input capacitance
at Vip < -Vig Ca 25 pF
Reference inputs
Pos. reference voltage +Via -2.5 2 \"
Neg. reference voltage -V -3.0 1.5 \
Reference resistance Riet 96 128 195 Q
Digital part
Strobe input
H input voltage Viu -1.1 -0.9 -0.6 \%
L input voltage - ViL -2.0 -1.7 -1.6 \Y
H input current Iy 6 50 HA
L input current I 6 50 pA
Data outputs (100 Q to -2 V)
H output voltage /™ -1.1 -0.9 -0.7 \%
L output voltage Va -2.0 -1.7 -1.5 \%
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6 Bit Analog Digital Converter SDA 5200 N

Characteristics (cont'd) Lower Upper

Dynamic parameters limit B typ. limit A Unit
Aperture time ty 2 ns
Aperture jitter 25 ps
tstrobe 5 ns
Signal transition time t4 Hold 12 17 ns
Signal transition time ty set 12 17 ns
Strobe frequency ftrobe 100 MHz
Max. slew rate 0.5 V/ns
Bandwidth (-3 dB) B 140 MHz
Pulse diagram of strobe input Input current versus input voltage

and data outputs

Signal input ‘}’/—
e
~FStrone ]

Strobe Hold
Mode

Strobe input

Data output
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6 Bit Analog Digital Converter

SDA 5200 N

Test circuit

Analog
ground

Digital

* ground

10pH 0
*Vpero— N Overflow
Analog ¢ n
input 7\ 1 }/
wH o = "
“Vaet T—°
]
[ -4 w L e S e
]
D—%——- E‘r Strobe D3 - —o
e v. D "
. L : ’
| R "
-V 0, Ls8
%on ﬁ fi] Q u 7x1000
L o
100nF I I 100nF

" Lines carried out as microstrip

Application circuit
7 bit A/D converter with SDA 5200 S and SDA 5200 N

Ajy Strobe
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SDA 5200 S
6-Bit Analog Digital Converter

Preliminary data

The SDA 5200 S is an ultrafast 6 bit A/D converter with overflow output. It has been
designed as terminating device for a 7 bit or 8 bit A/D converter comprising several
cascaded ICs (refer to application circuit), or exclusively for 6 bit operation.

Apart from a guaranteed strobe frequency of 100 MHz and excellent linearity, the
SDA 5200 S has an outstanding analog bandwidth which — from the analog side — enables
application up to the limit of the Nyquist theorem.

The SDA 5200 S is pin-compatible to the ICs SDA 5010, SDA 6020, and SDA 5200 N
(differing output code in the overflow).

Main features

Strobe frequency 100 MHz

6 bit resolution (1.6%)

Overflow output (7th bit)

Broad analog bandwidth (140 MHz)

High slew rate of the input stages (typ. 0.5 V/ns)
Processing of analog signals up to the Nyquist limit
Linearity + 1/4 LSB

No sample and hold required

Dynamic driving of reference inputs for analog addition and multiplication
Power dissipation 550 mW

ECL compatible

Logic compatible supply voltage +5 V; ~56.2 V

DIC 16 package

00090 RPCOOO9HG

The following versions') are available upon request:

® IC with a non-linear conversion characteristic of a given characteristic curve
® IC with any output code (e.g. gray code)

') Conditions upon request AG 7/83
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6 Bit Analog Digital Converter SDA 5200 S
Via
Block diagram ,
e ———
| R R R R R 1
4 1 2 6 66 65 2
- Vin o—{i———— - .————:»—» - »—-D—w—f:)——?——o~vln
1 1 7
1 ] \
Vi [ = !
Comparator }
Strobe ) stages r T T |
Register 1 ! |
! [ | I
| I i |
' |
l i —] !
! I
{ I
| 1st encoding (AND) :
& &
| l I |
| |
| |
| |
| |
| |
] 2nd encoding (OR) |
| |
| |
8! Int | }
-V °_+_ ] nterna 7
supply __+__.o.
: Output stages H v
| |
[ S _— L1 D 4
1 16 9 |10 F 12 713 [ 15
Og; Os2 D, D, D D, Ds Dy D,
Signal chart
+1/6 LSB
D,|D¢|Ds|Dy{D3{D0z|D0y A] l_7
H{H|IH|{H|H]H|H
L{H|H|H|H|H]|H
L{H|H|H|H]|H]L
cjefefefefnfe D4
LjLjLiLjLjL]|H
| VO VO I O I A O — & — Vi
0o 1 2 62 63 64
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6 Bit Analog Digital Converter SDA 5200 S

Pin configuration (Ceramic 16 pin DIL package)
(top view)
Os; D, Dy Ds D, 03 D, D

% 15 1 13 12 no 19
s N s W s O s s Y s W

| SENNG B SN B GURE [ GUSND B SUUN B SNNDS g SN gy S
1 2 3 4 6 7 8

5
Og1 +Vig Vip - Vig Vy Strobe +v -V

Pin Symbol Function
1 Os1 Digital ground 1
2 +Vi Positive reference voltage (+2 V)
3 Via Analog signal input (max. +2 V; -3 V)
4 -Vir Negative reference volitage (-3 V)
5 Vi Hysteresis control (O V ... +2.5 V)
6 Strobe Strobe input (ECL)
7 +Vs Positive supply voltage (+5 V)
8 -Vs Negative supply voltage (-5.2 V)
9..14 D, ... Dg Data outputs, bits 1 ... 6 (ECL)

15 Do Overflow output

16 Os, Digital ground 2
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6 Bit Analog Digital Converter SDA 5200 S

Maximum ratings Lower Upper

limit B limit A Unit
Supply voltage +Vs -0.3 6.0 Y,
Supply voltage -Vs -6.0 0.3 \%
Input voltages Viar Vi, =Vir -3.5 2.5 \%
Strobe Vs(rabs - vs 0 \
Hysteresis control Vin 0 3.0 \%
Voltage difference Os1-0s2 -0.5 0.5 \%
Operating temperature Tamb 0 70 °C
Storage temperature Tag -55 125 °C
Characteristics | Lower l i Upper
Power supply limit B typ. limit A Unit
Pos. supply voltage +Vs 4.5 5.0 5.5 \%
Neg. supply voltage -Vs -5.7 -5.2 -4.7 \
Current consumption
at +Vg = +5.0V, Vi = -V Iss 50 80 mA
at _VS =-5.2V, V|A§‘V|R 15_ 55 80 mA
Analog part
Signal input
Max. inp'-’t V°|tage lemax "VIRmm +VIRmax \
vIAmax =1 (+ lemax) - ("VIRmm) I \
Via for 6 bit resolution 0.3 \
Via for 12 LSB linearity 1.2 0.6 \
Via for s LSB lin~arity 2.4 1.2 Y
Input current
at Vip = +Vis Ia 150 500 pA
at Via < -Vig Iia -500 500 nA
Input capacitance
at Vip < -Vig Ca 25 pF
Reference inputs
Pos. reference voltage +Vir -2.5 2 \Y)
Neg. reference voltage -Vir -3.0 1.5 \%
Reference resistance R.es 96 128 195 Q
Digital part
Strobe input
H input voltage Vin -1.1 -0.9 -0.6 \
L input voltage ViL -2.0 -1.7 -1.6 \
H input current 'm 6 50 pA
L input current I 6 50 A
Data outputs (100 Q to -2 V)
H output voltage Vau -1.1 -0.9 -0.7 \Y
L output voltage . Va -2.0 -1.7 -1.5 \
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6 Bit Analog Digital Converter SDA 5200 S

Characteristics (cont'd) Lower Upper )
Dynamic parameters limit B typ. limit A Unit
Aperture time t4 2 ns
Aperture jitter 25 ps
Lytrobe 5 ns
Signal transition time t4 Hold 12 17 ns
Signal transition time ty set 12 17 ns
Strobe frequency Fitrobe 100 MHz
Max. siew rate 0.5 V/ns
Bandwidth (-3 dB) 8 140 MHz
Pulse diagram of strobe input Input current versus input voltage

and data outputs

Signal input .
/ it
tq [
P—'snm -
-Strobe input Strobe Hold
Mode Mode

Data output /
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6 Bit Analog Digital Converter SDA 5200 S

Test circuit

4709
Jud
Analog Digital
round 500 1 0., 16 * ground
g Pty Oss s2
o— mlo_u_ﬂ_ A
*Vaet Lo Yir D, Overflow
Analor | S—— 1
mnutg \ E ] Via 0
10uH 100nF N
o TR |,
"
Y 0,
A A )
\ v Strobe D, -
: n
Lo |* ©
100nF N
T 8y, 0, 2 s
[L]jm @ [J [l] El] Q (L]hwm
L v
100nF

100nFI I

1) Lines carried out as microstrip.

Application circuit
7 bit A/D converter with SDA 5200 S and SDA 5200 N

*Vir
D} ——————————D,

SDA
5200S

O T
-Vir

l % VRet
*Vir ‘J
D

ol — T D,
Dg Ds

SDA gs
5200N .

—-—o 0,

0, 0,

l

A Strobe -V
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SDA 6020

6-Bit Analog Digital Converter

The SDA 6020 is an ultrafast A/D converter with 6 bit resolution. In addition to a
strobe frequency of typically 50 MHz and excellent linearity, the SDA 6020 has the follow-

ing outstanding features:

@ 6-bit resolution (1.6%), simpie expansion to 8 bits

® +1/4 LSB linearity
® No sample and hold required

® Dynamic driving of reference inputs for analog addition and multiplication
® ECL compatible (ECL - TTL matching possible, e.g. with SH 100.255)

® Low power dissipation 450 mW
@ Logic compatible supply voltage +5 V; -5.2 V

Maximum ratings Lower Upper Unit
limit B limit A
Supply voltage +Vs -0.3 6.0 \%
Supply voltage -Vs -6.0 0.3 Y
Input voltages Via. ViR, -Vir -3.0 3.0 \Y
Strobe Vstrobe -Vs 0 \
Hysteresis control Vi 0 3.0 \%
Voltage difference Oa-0p -0.5 0.5 \
Operating temperature Tamb (0] 70 °C
Storage temperature Ts -55 125 °C
AG 7/83
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SDA 6020

Pin configuration Pin Symbol | Function
(top view) 1 Oa Anlog ground
o o 0 0 0 0. D D 2 +Vir Positive reference voltage (< +2.5 V)
% o o on o onow s 3 Via Analog signal input (max. 2.5 V)
e a 4 -VIr Negative reference voltage (> -2.5 V)
I 5 Vi1 Hysteresis control (O V to +2.5 V)
6 Strobe | Strobe input (ECL)
7 +Vs Positive supply voltage (+6 V)
e e L 8 -Vs Negative supply voltage (-5.2 V)
O iy Vi Vi Vi Strobe oV -V, 9-14 |D-Dg |Data outputs bit 1 to 6 (ECL)
16 Do Overflow
16 Op Digital ground
(Ceramic 16 pin DIL package)
Block diagram
V1R
e e e e e e
Overflow
! 63
—_— 0D,
62 " D,
————————————— @
Memory E' —o D,
Via® Comparator stages and Ly op
encoder stages =4 .
————————————— 5 D,
o
_____________ t DZ
! 2 L_l o,
| ——————————————
! 1
1
; L]
S AU PR
)
-Wir Vin Strobe

888



SDA 6020

Characteristics Lower typ.” | Upper Unit
limit B limit A

Power supply

Pos. supply voltage +Vs 4.5 5.0 55 \%

Neg. supply voltage -Vs -5.7 -5.2 | -4.7 Vv

Current consumption

at +Vg = +5.0V; Via € _VIR Is 30 60 mA

at —Vg = =5.2V; Vjp € -Vg Is 55 80 mA

Analog part (T;,,,=25°C,+V5=5V,-V5=-5.2V)

Signal input

Max. input voltage VIA max -VIR min +VIR max Vv

Via max = | + Vig max == VIR min! 5 \

Via for 6 bit resolution 0.3 \Y,

Via for 1/2 LSB linearity 1.2 0.6 Y

Via for 1/4 LSB linearity 24 1.2 Vv

Input current

at Via = +Vjg in sample mode Ia 200 | 800 pA

at Vja = <-Vjg in sample mode Iia -10 10 pA

-Vir < Via < +Vjg in hold mode ha -10 10 uA

Input capacitance

at Via < -Vr Cia 35 pF

Reference inputs

Pos. reference voltage +Vir -2 25 Vv

Neg. reference voltage -VIr -25 2 Vv

Reference resistance 64 R 96 128 | 256 Q

Digital part

Strobe input

H input voltage Vi -1.1 -0.9 | -0.6 Y

L input voltage iL -2.0 -1.7 | -15 \%

H input current m 5 30 100 nA

L input current I 5 30 100 pA

Data outputs (100 Q to - 2 V)

H output voltage Van -1.1 -09 | -0.7 \Y

L output voltage VaL -2.0 -1.7| -1.5 Y

Dynamic parameters

Aperture time ty 2 ns

Aperture jitter 25 ps

Strobe tstrobe 15 8 ns

Signal transition time tTHLQ 12 20 ns

Signal transition time trLHa 12 20 ns

Scanning frequency fstrobe 50 MHz
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SDA 6020

Pulse diagram of strobe inputs Input current versus input voltage
and data output

Signal input

'Sfrobe

Strobe input

Data output

'

"undefined output levels

Test circuit

Digital ground

4709 10
—{ 1} —3
==~1pH |
509
— LO \ 0 16
100pF A 0
10pH “ [
o AN +V D, N o Overflow
— IR
100nF
Analeg , Via D, l o
10 pH 100nF "
o AR T Vi D, 1+ o
1
o Wy D, °
1)
o 7 Strobe 0, —
o— Ve D LI
*Vs 2
100nF'l'
8 9 »
o

T -V, D, ¢ | —o LSB
l & 0000Q] Qe
100 nF T _I. 100 nF

Groundplane
"ines effected as Micros trip
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SDA 6020

Circuit example for expansion to 7 bit

*VR
*Vir
Oy — 0y
Via Ds
D
6Bit °
A/D Dd
03
Strobe D,
Ve 0
*Vir
Do ~0,
Via D¢ Ds
6 Bit D oD
A/D D, oD,
D; —o D,
Strobe D — D,
Ve Dy <0,
]
V, Strobe “Va
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SDA 6020

Circuit example for expansion to 8 bit

]
+V"°"—‘$ Vi
Dy oD,
Via D
Ds
[JR 6A/D
Not _“
DB
—]Strobe D,
) h Ve 01
37k VR‘ s #'Vm =1
Do
VIA Do
D
[]R 6A/D °
No3 %
D3
—Strobe D,
> “Vir Dy
112V 4 . v =
Do L
. Via Dy
[ R Dg
6A/D p
No2 °
Dy
—{Strobe D,
ViR Dy
1/10-VR- + Vi o
D D
0
Vo 4n Ds —o0
[] Q sa/D °Ds
" Not D D,
Dy Ds
Strobe Strobe D, o0,
Vig Dy -0 D,
-Wro |

892



SDA 8005
8-Bit/7 ns Analog Digital Converter

Preliminary data Bipolar circuit

The SDA 8005 is a high speed D/A converter with excellent dynamic characteristics, it
offers the following features:

@ Settling time typ. 7 ns

® Extremely small glitch area

@ Digital input register

@ Data inputs 10 K and 100 K ECL compatible
® Single power supply: -5.2 V

® Deglitch control input

AG 3/85
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8-Bit / 7ns Digital-Analog Converter SDA 8005

Functional description
The SDA 8005 is a high speed 8 bit D/A converter with ECL compatible data and strobe
inputs.

The data word is received in the input buffer by the low active strobe. An external ref-
erence voltage source with a reference resistor is needed. At a reference current of
2.5 mA the full scale output current amounts to 40 mA.

The output glitches can be minimized‘ by adjusting the deglitch input voltage between
—-2.3Vand —2.9V. The deglitch input can also be left open.

Block diagram

+T] -1
I
07 128
I
D6o—=— o L "
N N S N
=) S I 2
pso—m] B §
L3 5 |-
-1_ _2' -4 e Ao Lo L
- e el S 3
T 1
Iy
DOoO—e=
Strobe Deglitch
Pex' ],-ef
Vrefext !
Vee
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8-Bit / 7ns Digital-Analog Converter SDA 8005

Pin configuration (Ceramic 16 pin DIL package)

top view

|}
GND 1] 16 DO (LSB)
Lt 2[] 15 o1
Degl 3] 16 02
str 4] :]13 D3

1 5] 12 o
-1 6] 1 os
c 1] 10 06

Vee a[ ]9 07(Ms8)

Pin designation

Pin No. Symbol | Function
1 GND Ground
2 I Reference current input
3 Degl Deglitch input
4 Str Strobe
5 6 +I, -1 Complementary current outputs
+I: zero current if DO to D7 are high
7 c Stabilization
8 Vee Supply voltage -5.2 V
16...9 DO...D7 | Data input O (LSB) to 7 (MSB)
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8-Bit/ 7ns Digital-Analog Converter

SDA 8005

Maximum ratings Lower Upper

limit B limit A
Supply voltage Vee -6.0 0.3 Y
Input voltages Voo b7 -3.0 0 \
Strobe input voltage Vs -4.0 0 \%
Deglitch input voltage Vbegl -5.2 0 \Y
Output voltages, +I, -1 Vaie Vaio -1.9 5 Vv
Junction temperature T 125 °C
Storage temperature Tetg -55 125 °C
Ambient temperature Tamb -25 85 °C
Thermal resistance Rinu 85 K/W
Characteristics Lower typ. Upper
Analog outputs limit B limit A
Static performance
Ratio full scale output current
to reference current Tars/1 e 16
Absolute unadjusted error ERR -1 +12) %
Integrale nonlinearity INL 0.40") | 0.552) LSB
Differential nonlinearity DNL 0.61) 12) LSB
Full scale temperature coefficient
-25°C to +25°C TC 80 120 ppm/°C
+25°C to +85°C c 50 80 ppm/°C
Zero code output current Ioo 6') 308) pA
Fuil scale output current Ia¢s 402) mA
Output voltage range Vo -1.4 +5 \Y
Supply voltage sensitivity Svs 0.037) | 0.04?) %/ %
Dynamic performance!)
Output rise time t.a 1.3 ns
Output settling time tia 7 ns
Adjusted worst case glitch area 80 pVs
Digital crosstalk
Data @pata 154) pVs
Strobe 8strobe 304) pVs

Comments see page 896
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8-Bit/ 7ns Digital-Analog Converter SDA 8005

Characteristics Lower typ. Upper

Digital inputs limit B limit A

DC characteristics

H input voltage Viu -1.105 -0.810 \%

L input voltage ViL -1.850 -1.505 \%

Input capacitance D7 Cior. 1.2 pF
D6 Cios 0.8 pF
DO to D5 Ci0o..05 0.5 pF
Strobe C s 1.5 pF

H input voltage D7 Ly o7 25 pA
D6 IlH D6 1 2 |JA
DO to D5 Iy po..os 6 HA
Strobe Ly see 75 pA

Input coding binary

Switching characteristics

Setup time ts 0.5 ns

Hold time ty 2.5 ns

Strobe time lser 2 ns

(see Fig. 1)

Deglitch input

Deglitch input current

at Vpeg = 2.3V Iipeg 200 pA

at vDegI =29V I| Deg! -150 [JA

Deglitch voltage range Vpegi -2.9 -23 Vv

Deglitch voltage (not connected)  Vpeq 0.5x Ve \%

Power supply’)

Supply voltage Vee -5.46 -4.94 \%

Supply current Ige 98 mA

Power consumtion Py 495 mwW
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8-Bit / 7ns Digital-Analog Converter SDA 8005

Comments

1) Measured at 25°C
VEE =-52V
Full scale output current Io = 20 mA
Output loads = 50Q

2) Quaranteed at —-25°C bis +85°C
-5.46 Vto -4.94V
Full scale output current Io = 1 mA to 40 mA

3) Measured at 100°C
Full scale output current Io = 20 mA

VDegI =-23V

VEE =-52V
4) Vih = -0.95V

Vii=-16V

Input signal rise time ¢, = 3 ns

Switching all inputs at the same time in the same direction (worst
case)

The crosstalk can be reduced by using other input signals.
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8-Bit/ 7ns Digital-Analog Converter

SDA 8005

Pulse diagram of the inputs

[ —
\_/—_Sfrobe

fs'r
—=hetup Frote™  Fsetyp min = 0.508
Fstemn = 20ns
'hold mn = 2ns
Figure 1
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8-Bit/ 7ns Digital-Analog Converter SDA 8005

Terminology

Absolute unadjusted error

The full scale output current with the same reference voltage and reference resistance is
different for different chips. The variation results from the deviation of technology pa-
rameters. The specification is the maximum deviation from an average value.

Integral nonlinearity

The integral nonlinearity is the maximum deviation of the output from a linear regression
over the output values of all possible input codes.

Differential nonlinearity

Differential nonlinearity is the difference between the measured change and the ideal
1 LSB change between any two adjacent input codes. A specified differential nonlinearity
of £ 1 LSB max. over the operating temperature range ensures monotonicity.

Supply voltage sensitivity

The supply voltage sensitivity is the dependence of the analog output current on the supply
voltage Ve with all other parameters constant. It is specified in % per %.

Output rise time

The output rise time is the time between the 10% value and the 90% value of Vo max. atthe
leading edge.

Output settling time

The output settling time is the time from the trailing strobe edge (50% point) to the time when
the analog output signal is within + 1/2 LSB of the final value.

The specified value is measured by using a comparator to detect the entry time point
(see fig. 2).
Adjusted worst case glitch area

Glitches which arise from input code switching can be minimized by varying the deglitch
input voltage.

The specified value can be measured under following conditions:

® input code change from 01111111 to 10000000 and viceversa
® input data are received with strobe

@ deglitch input voltage is optimized for switching in both directions
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8-Bit / 7ns Digital-Analo

g Converter

Figure 2 shows the test circuit and the timing diagram for the determination of the output

settling time.

Ultrafast ECL
509 comparator
a
Data input +I [‘\ Scope
SDA 8005
D0-D7
-7 <
509} 100 Q 1009
-2V
2209 1.5kQ Variable
comparison voltage
=F 100nF

e
—=1{Settling

time

Figure 2

t; comparator

delay time
comparator circuit 1
output
comparator circuit 2
output

comparator circuit 3
output

SDA 8005




8-Bit / 7ns Digital-Analog Converter SDA 8005

Application instructions

— Board with at least one ground area in its entirety

Ground-pin should be connected nearby the large ground area by using contact studs

or by direct soldering.

- Voltage supply must be blocked directly at the Veg-pin by using a 100 nF ceramic ca-
pacitor (preferably use a chip capacitor).

— The analog outputs should be loaded with 50 Q as near as possible at the package.

— The DC voltages (Veg, DEGL, Vief) have to be checked to ensure low ripple and noise.

- To minimize the crosstalk of Strobe to the output you can place a voltage divider at the
Strobe input to build up an RC filter in combination with the input capacitance
(see figure 4).

— To connect the D/A-converter output to the 50 @ input of the scope, the line has to be termi-
nated on the D/A-converter side to prevent reflections. The ground-connection between
the board and the instrument should have a very low impedance.

The ground-connection between the board and the instrument should have a very low
impedance.

Strobe
68k

-2V
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8-Bit/ 7ns Digital-Analog Converter SDA 8005

Figure 3 shows an application where the output signal is transmitted over a 50 @ line to a
receiver with a 50 @ input, such as a high speed oscilloscope.

Iret may be adjusted by varying Vret between 0 V and 2.5 V, when the reference resistor
(Rref) is 1 kQ.

Alternatively, the Rt value can be changed with Ve constant.

Data bus
—A
o\

Tl L LLl]

Do D1 D2 03 0bO4 D5 D6 D7

i SDA 8005

GND ,ef Degl Str  +7 -I C Vee

R O R
¢ |G
5on)
1000F 500 -
I 10nF [100nF
v L w52V
Vet =0-+2.5V 50Q Line

%-z 3V--29V 500
| oy ® |
— 1
-5.2v

50 Q Strip lineo ‘Receiver

@

—

Figure 3
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8-Bit/ 7ns Digital-Analog Converter SDA 8005

Herethe strobeinputis connected to avoltagedivider,which formsan RCfiltertogetherwith the
input capacitance, and in this way reduces the digital crosstalk from strobe to output. The
100 Q output line from + I'is terminated on both ends.

The full scale output current in this case also allows an acceptable voltage range.

Data bus
A

/o \

[

oo D1 D2 D3 D& DS D6 D7

N ~ SDA 8005

GND I, Degl Str +I -1 C Vg

I f f R 6 7 8
G | G
100|Q2 I N
50Q 1
6.8k 10nF {100nF
L—=-52V
15 kﬂ[]
iy 208 | 1009 Line
100 Q
509 Strip lineo Receiver
Figure 4
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SDA 8010
8-Bit Analog Digital Converter

Preliminary information Bipolar circuit

The SDA 8010 is an ultra-fast A/D converter according to the parallel principle, with a
resolution of 8 bits and a guaranteed strobe frequency of 100 MHz. The component is com-
prised of 11,000 elements and is produced in a highly modern bipolar technology. The
SDA 8010 features a wide analog bandwidth, low input capacitance and an input voltage
range symmetrical to ground.

Main features

100 MHz strobe frequency

8 bit resolution

Excellent large signal bandwidth

High input stage slew rate

Symmetrical input voltage range

Compatible with ECL 100 K

Low power dissipation approx 1.3 W only
Logic compatible supply voltage -4.5 V; + 5 V

AG 3/85
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8-Bit Analog/Digital Converter

SDA 8010

Pin configuration (Ceramic 24 pin DIL package)

top view
‘ I
Ve 1 ]2 GND1
GND 2] []23 o7
Ve 3] []22 06
str1 4] ]2 05
Vet 5 ]20 0
Veets 6 T19 03
AN T[] []18 02
AIN 8] 17 o1
Vet 9] []16 Do
Viet 10 [] []15 GND
Veet,s 1] 116 V.o
str2 12] B Vo
Pin designation
Pin No. Symbol | Function
1 Vee Neg. supply voltage, analog part
2 GND Ground
3 Vee Pos. supply voltage, analog part
4 Str 1 Strobe signal 1
5 + Vet Pos. reference voltage
6 +Viet s Pos. reference voltage sense
7 AIN Analog input
8 AN Analog input
9 Viet, M Center tap of voltage divider
10 — Vet Neg. reference vdltage
1 —Viet, s Neg. reference voltage sense
12 Str 2 Strobe signal 2
13 Vee, b Neg. supply voltage, digital part
14 Vee o Pos. supply voltage, digital part
15 GND Ground
16-23 DO...D7 | Digital output signal
24 GND 1 Ground connection for output emitter fallower
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8-Bit Analog/Digital Converter SDA 8010

Functional description

The SDA 8010 is an ultra-fast AD-Converter according to the parallel priciple and consists
of a field of 255 comparators, three encoding stages and the output drivers (see block
diagram).

The analog signal is routed via input AIN in parallel to all comparators and compared with
255 reference voltages spread linearly over the input voltage range. The result of this
comparison, pending in the so-called thermometer code, is converted into the binary
representation by way of three encoding stages, and is available as a digital signal with
ECL level at outputs DO...D7.

The reference voltages are generated internally by means of a resistance divider. The
potentials at its end points are set via the reference voltage inputs +V,, and —V,,, and
determine the input voltage range, which is resolved with a resolution of 8 bit. Additional
potential terminals, + Ve, sense @0 — Vier, senser that enable a precise adjustment of the input
voltage, independent of transition resistances, according to the principle of a Kelvin con-
nection are provided at the reference voltage inputs according to this resolution. The

assignment of the input signal, referenced to 1 LSB = I+ Vierl +1-Vietl 256, to the digital
output code is shown in the signal table. As no overflow function is provided, the output
signal will remain at a value of 255 after the input voltage range is exceeded.

The individual comparators consist of a differential amplifier as input, and a register stage,
operating in master-slave operation, which are activated alternately by strobe signals
Str 1 and Str 2. The sequence of the conversion process is described according to the
pulse diagram.

During the L-phase of signal Str 1, the analog signal is compared with the reference volt-
ages. With the rising edge of Str 1, the result of the comparison is passed into the first
register stage and held there until the falling edge of the strobe. Toward the end of this
hold period t;, the signal is accepted into the second flipflop with the L phase of the
second strobe Str 2, and stored with the rising edge. After a delay period ¢, this data is
pending at the output.

The validity range t, o of the output data depends on the duty cycle set at Str 2. In general,
data will also be pending outside this interval #, o. As, however, the second comparator
latch is transparent in this phase, rise processes of the first stage could reach the output
for especially critical settings.

Essential for the analog features is that the input differential amplifier of the comparators
is free of current at no time during the strobe process, so that on the one hand, an coupling
of the strobe on to the input is prevented, and on the other hand, excellent large signal
bandwidths are achieved. The low input capacitance of 30 pF and the input voltage range
symmetrical about O V, in many cases permit the operation of the converter in 50 Q
systems. The dual design of the analog input AIN assures a low inductance lead and also
plays a part in achieving a flat frequency response up to 50 MHz.

Connection V. v serves to HF decouple the reference voltage divider. The use of two
supply systems Vi, Vee and Ve b, Vee, o @and an additional ground lead GND 1 for the
output stages reduces the cross influence of analog and digital signal to a minimum.
Additionally, the separate return of the analog signal ground lead, the so-called analog
ground is recommended (see test circuit).
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8-Bit Analog/Digital Converter

SDA 8010

Pulse diagram

Scanning point

fd,up

——f

/)

fa g —— ]

-

for'I

Setup, Str 2
o —

AIN

Str1
fHoAd ,Str2
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D0-07
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8-Bit Analog/Digital Converter SDA 8010

Transfer characteristic and truth table

07 (06| 05| 04{0D3{D2|D1|D0 +1/2 LSB
H H{H{[H]|H j
HiH|H
H|H
1; =F’

)

253 254 255 256 V;/LSB

Vet +Viet

-
~

L
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8-Bit Analog/Digital Converter

SDA 8010

Maximum ratings

Pos. supply voltages
Neg. supply voltages
Analog input voltages

Digital input voltages
Junction temperature

Thermal resistance

Junction-air
(without dissipator)

Characteristics
Current supply
Pos. supply voltage
Neg. supply voltage

Current consumption
at Vcc= VCC,D= 5V

Current consumption
at VEE = VEE, [ 4.5 V

Analog part
Reference inputs
Pos. reference voltage
Neg. reference voltage
Reference resistance

Signal input

Input voltage range
(peak to peak)

for 8 bit resolution
for 1/2 LSB linearity

Large-signal bandwidth?)

Slew rate of input signal

Input capacity
Input current?)

Comments see page 911

Lower Upper
limit B limit A
Veer Ve o -0.3 6.0 \
Vee, Vee, o -6.0 0.3 \Y
+vreh - vref -25 1 5 V
VA!N
Vsur 10 Vsir2 -3.5 0 \Y
T 125 °C
Rinsa 50 K/W
Lower typ. | Lower
limit B limit A
Vee: Vee. o 4.75 5 5.25 \Y
Vee, Vee o -4.75 -45| -4.25 v
Iec e o 180 mA
Iee +Ige 90 mA
+Vref -1 1 V
= Vref -2 0 Vv
256 R 130 Q
Vi 1 \%
v 1.5 \%
B 50 MHz
SR 300 V/us
(o 30 pF
1, 400 WA
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8-Bit Analog/Digital Converter SDA 8010
Characteristics
Digital part Lower typ. | Upper
Strobe inputs limit B limit A
H input voltage Viu -1.165 Vv
L input voltage Vi -1.475 \%
Max. Strobe frequency?3) fstr, max 100 MHz
Strobe time 1 tsir 1 4 ns
Aperture delay+) td, ap 3 ns
Strobe time 2 tsi 2 2 ns
Setup time
Strobe 25) tsetup, Str 2 0 ns
Hold time
Strobe 25) thold, str 2 3 ns
Characteristics Lower typ. | Upper

limit limit
Data outputs
H output voltage Von -1.025 \
L output voltage Va -1.620 \%
Signal transition time i, 12 ns
Time of valid
output data®) tv a 5 ns
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8-Bit Analog/Digital Converter SDA 8010

Comments

1) The large signal bandwidth is measured at a strobe frequency of 100 MHz with a sine-
shaped input signal and with an amplitude of (peak to peak) 2 Vin a 50 Q system. The
bandwidth is that input frequency at which either the amplitude value in the output
signal has decreased by 1 dB over the low frequency value, or at which significant errors
occur in the output code. If the voltage drop caused by the input capacitance being
driven with 50 Qis regulated out, or if a lower-ohmic input is used, the input bandwidth
increases further.

2) Theinputcurrentislinearly dependent on theinputvoltage. The stated value represents
the input current at Vv = + V.

3) That strobe frequency up to which a sine-shaped input signal with an amplitude of
(peak to peak) 2 V and a frequency of 50 MHz is reproduced without significant errorsin
the output code. The increase in signal-to-noise ratio with increasing analog frequency
as a result of jitter of the sampling point and dynamic distortion is not considered.

4) As the sampling of the analog signal occurs with the edge of signal Str 1, no mention
can be made here of an aperture period, but rather only of a delay (¢4, ,,) of the sampling
point.

5) This data describes a range for the adjustment of signal Str 2. The most favourable
behavior of the output signals is achieved when the L-phase of signal Str 2 is selected as
short as possible and placed at the end of the H-phase of signal Str 1.

6) At f5, = 100 MHz, tg, ; = 2 ns and fgeqp, s 2 = O-
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8-Bit Analog/Digital Converter SDA 8010

Test circuit
-2V
8x1009Q =(g
J
Vg Vee - GND1 OGND 1
= [| [z =
GND} GND 07 op7
=0 L=
VCC Y V[[ D6 oD6
Str 1_? Str 1 Ds oD5
+V
re! Vit D4 oD
*Vref,s D3 o003
==(s
AINSY AIN D2 002
Analog- | ,5°_Q|
ground I —1 AN D1 001
==(; .
=—-[7 Vre"n [s14] ©0D0
et Vit GND . {GND
== Gy=
~Viet,s Veeo " Veeo
=G o=
Str2 f . Str2 Veeo e Veeo
50Q 50 Q
-2V
L—B
I C, to Cy3 100 nF Chip Capacitor
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Switched Mode Power Supply (SMPS) Components







TDA 4600-2/TDA 4600-2D
Control IC for
Switched-Mode Power Supplies

Bipolar IC

In addition to their use with TV receivers and video recorders, the ICs TDA 4600-2 and
TDA 4600-2D can be applied in power supplied of hi-fi sets and active speakers due to
their wide operational ranges and superior voltage stability during high load changes.

Features

@ Direct driving of switching transistor

@ Low start-up current

@ Reversing linear overload characteristic

@ Collector current - proportional to base-current input

Maximum ratings

Supply voltage Vy 20 Vv
Voltages
- reference output 2 6 \

identification input V, +0.6 \
controlled amplifier V3 3 \
collector current simulation Vy 7 \)
blocking input Vs 7 Vv
base current cut-off point |7 Vg \
base current amplifier output Vg Vy "

Currents
feedback, zero passage I, —3t03 mA
controlled amplifier I —3to3 mA
collector current simulation I 5 mA
base current cut-off point 17 1.5 mA
base current amplifier output Iq 8 —1.5 mA

Thermal resistances
junction-air TDA 4600 - 2 Rina 70 K/W
junction-case TDA 4600 - 2 Rin uc 15 K/W
junction-air TDA 4600 - 2 DY) Rin Ja 60 K/W
junction- air TDA 4600 - 2 D2) Rin oA 1 44 K/W

Junction temperature T, 125 °C

Storage temperature range Tstg —551t0 125 °C

Operating range

Supply voltage range Vy 7.81t0 18 Y
Case temperature range  TDA 4600 - 2 Tcase 0to 85 °C
Ambient temperature range TDA 4600 - 2 D3) Tamb 0to 70 °C

1) Package soldered in PCB without cooling area .
2) Package soldered in PCB with copper-clad 35 p layer, cooling area 25 cm?2
3)Rihya1 =44 K/Wand Py=1W AG 1/84
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TDA 4600-2

TDA 4600-2 D

Characteristics
T.mu=25°C, according to test circuit 1 and diagram| min typ max
Start operation
Current consumption (V; not yet switched on)

Vo= 2V Iy 0.5 mA

Vo= 5V Iy 1.5 2.0 mA
Switching point for V, Vo 11 11.8 - 1123 \Y

Normal operation (Vo =10 V; V ;040 =—10 V; Vioek = £ 0.5 V; =20 kHz; duty cycle 1:2)
after switch on

Current consumption Vegngwor =—10 V Iy 110 135 160 mA
Veontrot =0V Iy 55 85 110 mA
Reference voltage I; < 0.1 mA Vi 4.0 4.2 4,5 Vv
L =5mA 2 4.0 4.2 4.4 Vv
Temperature coefficient of reference voltage  TC;, 10-8 1/K
Feedback voltage 79 0.2 Vv
Control voltage Veontror =0V V3 2.3 2.6 2.9 Vv
Collector current simulation voltage
Veontrot =0V 7%)] 1.8 2.2 2.5 \"
Veontror =0 V/—=10 V AV,*) 0.3 0.4 0.5 "
Blocking input voltage Vs 5.5 6.3 7.0 Vv
Output voltage Veontrol =0V Va7*) 2.7 3.3 4.0 "
Veontro =0V Vqs®) 2.7 3.4 4.0 Vv
Veontrot =0 V/—10V AVqyg*) 1.4 1.8 2.2 \"
Safety operation (Vo =10 V; V.onwo =—10 V; Vo oo = £0.5 V; f= 20 kHz; duty cycle 1:2)
Current consumption (Vs < 1.8 V) Iy 14 22 28 mA
Switch-off voltage (Vs < 1.8 V) Va7 1.3 1.5 1.8 \
Vs 1.8 21 25 \
Ext. blocking input
enable voltage Veontrot =0V Vs 2.4 2.7 \
disable voltage Veontrot =0V Vs 1.8 2.2 \Y
Supply voitage
for Vg blocked Veontror =0V Vg 6.7 74 7.8 \Y
Supply voltage for V; off AVy 0.3 0.6 1.0 \
(while further decreasing V)
Characteristics
T.mp = 25 °C, according to test circuit 2
Switch-on time (secondary voltages) ton 350 450 ms
Voltage change
S3 =closed (AN; =20 W) av, 100 500 mV
Sound output power
S2 =closed (AN, =15 W) A4V, 500 1000 mV
Standby operation
(secondary useful load =3 W)
S1=open : 4V, 20 30 \
f 70 75 kHz
Norimary 10 12 VA

The cooling area should be optimized according to the limit values (T, T, Rinscr Rinsa, Rinat)

*) only dc part
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TDA 4600 - 2
TDA 4600 -2D

Measurement circuit 1

s TDA 4600~ 2D
' /

N~

R AR (N N N D A A

D TDA 4600-2
TDA 4600-20

1 2 G 3 b4 5 ‘LS 7;?7 8 9
I i

R 22pF Rs;

2.2kQ2 100kQ

1kQ 20 k2 10kQ

\
[ TDA 4600-2 1
| |
| ;

G, == 10pF
IN4003

G, s 4
10nF
Y Yook Veontrol (3 o o Ry ’[91'10}.IF
5241100kQ 8 JU_Z7Q ‘L -_l—

20kHz[50Q

Circuit description

During start-up, normal and overload operations the TDA 4600-2; or -2D regulates, controls
and protects the switching transistor installed in the flyback converter power supplies.

1) Start-up operation

The start-up operation is divided into three consecutive phases:

1. An internal reference voltage is built up which supplies the voltage regulator and effects
the charging of the coupling electrolytic capacitor and the switching transistor. During
these procedures an Iy current less than 3.2 mA will be maintained, if the supply
voltage Vg does not exceed = 12 V.

2. At Vg = 12 V an internal reference voltage V; = 4 V is suddenly released to provide
all IC components with the exception of the control logic with a thermally stable and
overload-resistant current.

3. In concurrence with the release of the reference voltage the control logic is activated
by an additional stabilization circuit, and the IC is now ready for operation.

Above sequential start-up phases ensure the charging of the switching transistor by the

coupling electrolytic capacitor and subsequent precision switching.
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TDA 4600-2
TDA 4600-2 D

) Normal operation

Zero passages of the feedback coil are registered at pin 2 and forwarded to the control
logic. :

At pin 3 (input control, overload, and standby recognition) the rectified amplitude variations
of the feedback coil are applied. The regulating (control) amplifier operates with an input
voltage of about 2 V and a current of about 1.4 mA. According to the internal reference
voltage, the operating region of the regulating amplifier will be defined by the collector
current simulation pin 4 and the overload recognition. The simulation of the collector current
is generated by an external RC network at pin 4 and an internally set voltage level. By
increasing the capacitance (10 nF), the collector current of the switching transistoris increased
as well and establishes the desired control range. The control range extends between
a 2 V clamped dc voltage and an ac voltage rising as a sawtooth wave, which may vary
up to a maximum amplitude of 4 V (reference voltage).

By reducing the secondary load to 20 W, the switching frequency increases to about 50 kHz
at an almost constant pulse duty factor (on-time to period approx. 1/3). During additional
secondary load reduction to about 1 W, the switching frequency will change to approx.
70 kHz, while the pulse duty factor falls to approx. 1/11. At the same time, the collector peak
current falls below 1 A.

The output level of the regulating (control) amplifier, the overload recognition, and the
collector current simulation are compared in the trigger and the control logic is instructed
accordingly. Pin 5 will provide additional blocking alternatives, i.e. the output at pin 8 is
blocked at a voltage of equal to or less than 2.2 V at pin 5.

Based on the start-up circuit, the zero crossing identification, and the trigger-activated
release, the control logic flipflops are set which control both the base current amplification
and shut-down. The base current amplifier forwards the sawtooth voltage V, to pin 8.
Also, a current feedback with an external resistance of R= 0.68  is inserted between
pin 8 and pin 7. The resistance value determines the maximum amplitude of the base current
for the switching transistor.

lll) Safety features

The base current shut-down, released by the control logic, clamps the output of pin 7 at
1.6 V and thus blocks the driving of the switching transistor. This preventive method will go
into effect, if the voltage at pin 9 falls below typ. 7.4 V or if voltages of less than typ. 22 V
are present at pin 5. In case of short-circuited secondary windings in the SMPS, the fault
condition will be continuously monitored by the IC.

With the load completely removed from the secondary winding in the SMPS, the IC is set
at a small pulse duty factor. The total power consumption of the SMPS is kept below n =6
to 10 W during both operating conditions. After the output has been blocked at a supply
voltage Vj, of less than or equal to typ. 7.4 V, an additional voltage reduction of 4V, =0.6 V
will switch off the reference voltage (4 V).
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TDA 4600-2
TDA 4600-2D

Frequency versus output power
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TDA 4600-2

TDA 4600-2 D
Load characteristic
v Output voltage V, versus output current I,
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TDA 4600-2 D

Thermal resistance (only applicable to TDA 4600-2 D)

Standardized, ambience-related thermal resistance Ry, ja ¢ versus lateral length | of a square
copper-clad cooling area (35 um copper lamination).

Rinh ga (I =0) = 60 K/W
Tamp S 70°C
PV =1 W
PCB in vertical position
circuit in vertical position
static air

10

Rinsas
Rihuag=0)
T 09

08 -
Rinhsat
AL £y
\ Rihaa w0
07 /N
Example \

0.6

0 50 100 mm

925



TDA 4600 - 2

TDA 4600-2D
Block diagram
TDA 4600-2
! TDA 4600-2D
|| Control Buse. c.urrent .
Start-up amplifier |e— [] amplifier
ircuit Trigger >
e ‘ Start
Standby ™1 Hold nll :
operation Coupling-c-
charging g
Voltage circuit,
control
I
Overload
i T Control Base current
identificationf, | logic shut-down
A A
Reference Zero passage Collector curren Ext. blocking
voltage identification simulation alternatives 'l'

1 2 3 4 5 6 7 8 9
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TDA 4600-2D
Measurement circuit 2 and application circuit
TZZOcho T —
mr Tugof | N S )
I T
! \l B 250/ IR
i 212 D TDA 4600-2/D
Cl 4
l \ « €25 o+ 1 — T T TR 7 IN4007
[ | 220Q '2—2":' 0682 1IN 0
] ’ ‘ | 10ouFevT., Lo p 100 k[ e 3W
.:] 20 s 10K<2 AR 17
-f:’I | 2206Q T S 100F/16V
gl | 1WE/35V
2| | Il ! 8 BY 258/200
-~
i
i
i
|
R
L
L

270 pF
1

Limits ICpq0f BU 208 if
permissible output
power is exceeded

2) Adjustment of secondary
voltage.

3) Must be discharged
before IC change
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Measurement diagram for overload operations

\
Vclock
W+0,5
0 t Hs
10 2030 &0 60 70180 _—— ¢t
0,51 '
— Vo= -0V
e o3 /‘{ -V =0
T 24 Z
1_
0 ps
Ve —t
8-
] :
61 !
4 |
|
2 -
0 ps
. —_f

(TDA 4600-2: Plastic Power Package - 9 pin SIP package)
Pin configuration (TDA 4600-2D: Plastic 18 pin DIP package)

Pin No. Function
1 Vet Output
2 Zero passage identification
3 Input regulating ampilifier, overload amplifier
4 Collector current simulation
5 Possible connection for additional protective circuit
6 Ground
7 DC voltage output for charging the coupling capacitor
8 Pulse output - driving the switching transistor
9 Current supply input
only applicable to TDA 4600-2D
10
11
12
13
14 interconnected (ground)
15
16
17
18
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TDA 4601/TDA 4601D
Control IC for
Switched-Mode Power Supplies

Bipolar IC

During start-up, normal and overload operations the TDA 4601 or TDA 4601D regulates, controls
and protects the switching transistor installed in the flyback converter power supplies.
It also protects the complete SMPS by preventing an increase in the secondary voltage in
case of errors. In addition to their use with TV receivers and video recorders, these ICs can
be applied in power supplies of hi-fi sets and active speakers due to their wide operaticnal
ranges and superior voltage stability during high load changes.

Features

@ Direct driving of switching transistor

@ Low start-up current

® Reversing linear overload characteristic

® Collector current - proportional to base-current input
@ Protective circuit for the event of errors

AG 1/84
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TDA 4601

TDA 4601 D
Maximum ratings Lower Upper
limit limit
Supply voltage Vy 0 20 \
Voltages
reference output v, 0 6 v
zero-passage identification Vs —0.6 0.6 \
control amplifier V3 0 3 \Y
collector-current simulation Vy 0 8 \
blocking input Vs 0 8 Vv
base-current cut-off point v, 0 Vg \
base-current amplifier output Vs 0 Vo \
Currents
zero-passage identification I, -3 3 mA
control amplifier L, -3 3 mA
collector-current simulation I 0 .5 mA
blocking input Lis 0 5 mA
base-current cut-off point Ios 0 1.5 mA
base-current amplifier output Ins -1.5 0 mA
Thermal resistance |
junction-air TDA 4€01 Rih ga 70 K/W
junction-case  TDA 46C1 R uc 15 K/W
junction-air TDA 4601 DV Rih ua 60 K/wW
junction-air  TDA 4601 D2) Rinsa 1 44 Kw
Junction temperature T; 125 °C
Storage temperature Tstg —55 125 °C
Operating range
Supply voltage range Vy 7.8t018 \
Case temperature range TDA 4601 Tcase 0to 85 °C
Ambient temperature range3) TDA 4601 D Tamb 0to 70 °C

1) Package soldered in PCB without cooling area.
2) Package soldered in PCB with copper-clad 35-pm layer, cooling area 25 cm?2

3) Rthya1 =44 K/Wand Py=1W
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TDA 4601

TDA 4601D
Characteristics
Tamp =25°C min typ max
according to test circuit 1 and diagram
Start operation
Current consumption (V; not yet applied)
Vg= 2V Iy 0.5 mA
Vo= 5V Iy 1.5 2.0 mA
Vg=10V Iy 24 3.2 mA
Switching point for V; Vy 11.0 11.8 12.3 \

Normal operation
(Vo =10 V; Veontror =—10V; Voek = £ 0.5 V; f=20 kHz; duty cycle 1:2) after switch-on

Current consumption

Veontrot =—10 V Iy 110 135 160 mA
Veontrot =0V Iy - 50 75 100 mA
Reference voltage

L <01mA v, 4.0 4.2 4.5 v
I, =5mA v, 4.0 4.2 4.4 \"
Temperature coefficient

of reference voltage TC, 10-3 1/K
Control voltage Vcontrol =0 V Vs 2.3 2.6 2.9 \"
Collector-current simulation voltage

Veontrot =0V %) 1.8 2.2 25 \"
Veontrot =0 V/—10V AV 0.3 0.4 ’ 0.5 Vv
Blocking voltage Vs 6.0 7.0 8.0 Vv
Output voltages

Veontrol =0V Va7") 2.7 3.3 4.0 v
Veontrol =0V Vas®) 2.7 34 4.0 \")
Veontro =0 V/—10V AVqg") 1.6 2.0 2.4 "
Feedback voltage V, 0.2 \
*) only dc part
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TDA 4601 D

Characteristics

- 0
Tamp =25°C min typ max
Safety operation
(Vo=10V; Veonwo =—10 V; Voo = £ 0.5 V; f= 20 kHz; duty cycle 1:2)
Current consumption (V5 < 1.9 V) Iy 14 22 28 mA
Switch-off voltage (V5 < 1.9 V) Va7 1.3 1.5 1.8 \

+ Blocking input Vs 1.8 2.1 2.5 \
Blocking voltage (Vontrot =0 V) Vs —lz/‘— —0.1 lgL Vv
Supply voltage for Vg blocked Vo 6.7 7.4 7.8 \
(Veontrot =0 V)

(with further decrease of Vg) AV, 0.3 0.6 1 \
Characteristics
Tamb =25 °C acc. to test circuit 2
Turn-on time (secondary voltage) ton 350 450 ms
Voltage change with S3 = closed 78 100 500 mV
(AN3 =20 W)
Voltage change with S2 = closed AV, 500 1000 mV
(AN, =15 W)
Standby operation with S1 = open AV, 20 30 \
(secondary useful load = 3 W)
f 70 75 kHz
Norimary 10 12 VA

The cooling area should be optimized in consideration of the limit values
(Tease; Ty; Rinucs Rin un)-
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TDA 4601 D

Circuit description

During start-up, normal, overload, and disturbed operations the TDA 4601/D regulates, controls
and protects the switching transistor installed in the flyback converter power supplies.
If an error occurs, the driving of the switching transistor is blocked and the voltage on the
secondary side is prevented from increasing.

1) Start-up operation
The start-up operation is divided into three consecutive phases:

1. An internal reference voltage is built up which supplies the voltage regulator and effects
the charging of the coupling electrolytic capacitor and the switching transistor. During
these procedures an I current less than 3.2 mA will be maintained, if the supply
voltage Vg does not exceed = 12 V.

2. At Vg = 12 V an internal reference voltage V; = 4 V is suddenly released to provide
all IC components with the exception of the control logic with a thermally stable and
overload-resistant current.

3. In concurrence with the release of the reference voltage the control logic is activated
by an additional stabilization circuit, and the IC is now ready for operation.

Above sequential start-up phases ensure the charging of the switching transistor by the
coupling electrolytic capacitor and subsequent precision switching.

1) Normal operation

Zero passages of the feedback coil are registered at pin 2 and forwarded to the control
logic.

At pin 3 (input control, overload, and standby recognition) the rectified amplitude variations
of the feedback coil are applied. The regulating (control) amplifier operates with an input
voltage of about 2 V and a current of about 1.4 mA. According to the internal reference
voltage, the operating region of the regulating amplifier will be defined by the collector
current simulation pin 4 and the overload recognition. The simulation of the collector current
is generated by an external RC network at pin 4 and an internally set voltage level. By
increasing the capacitance (10 nF), the collector current of the switching transistor is
increased as well and establishes the desired control range. The control range extends
between a 2 V clamped dc voltage and an ac voltage rising as a sawtooth wave, which may
vary up to a maximum amplitude of 4 V (reference voltage).

By reducing the secondary load to 20 W, the switching frequency increases to about 50 kHz
at an almost constant pulse duty factor (on-time to period approx. 1/3). During additional
secondary load reduction to about 1 W, the switching frequency will change to approx.
70 kHz, while the pulse duty factor falls to approx. 1/11. At the same time, the collector peak
current falls below 1 A.

The output level of the regulating (control) amplifier, the overload recognition, and the
collector current simulation are compared in the trigger and the control logic is instructed
accordingly. Pin 5 will provide additional biocking alternatives, i.e. the output at pin 8 is
blocked at a voltage of equal to or less than V,/2 - 0.1 V at pin 5.
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Based on the start-up circuit, the zero crossing identification, and the trigger-activated
release, the control logic flipflops are set which control both the base current amplification
and shut-down. The base current amplifier forwards the sawtooth voltage V, to pin 8.
Also, a current feedback with an external resistance of R ~ 0.68 Q is inserted between
pin 8 and pin 7. The resistance value determines the maximum amplitude of the base current
for the switching transistor.

Ill) Safety features

The base current shut-down, released by the control logic, clamps the output of pin 7 at
1.6 V and thus blocks the driving of the switching transistor. This preventive method will go
into effect, if the voltage at pin 9 falls below typ. 6.7 V or if voltages of equal to or less than
Viet/2 — 0.1 V are present at pin 5. In case of short-circuited secondary windings in the
SMPS, the fault condition will be continuously monitored by the IC.

With the load completely removed from the secondary winding in the SMPS, the IC is set
at a small pulse duty factor. The total power consumption of the SMPS is kept below n = 6
to 10 W during both operating conditions. After the output has been blocked at a supply
voltage Vg of less than or equal to typ. 6.7 V, an additional voltage reduction of 4Vy = 0.6 V
will switch of the reference voltage (4 V).

Protective operation for faults with pin 5

For protection against disturbances such as primary undervoltages and/or secondary
overvoltages (e.g. as a result of alterations in the parameters of components of the SMPS),
it is possible to implement applications of the following kind:

@ Protective operation with periodic sampling

In the event of the fault condition, falling below the protective threshold V5 of typically V,,,
causes the output pulses on pin 8 to be inhibited and pin 5 to be clamped internally to
ground across typically 300 Q. The current consumption of the IC reduces (Ig > 14 mA
for Vg =10 V). '

With a suitably high-impedance starting resistor*) the supply voltage Vg then falls below

the minimal turn-off threshold (5.7 V) for the reference voltage V. As a result V; is turned off
and the blocking of pin 5 is cancelled.

Because of the renewed reduction in the current consumption of the IC (I; < 3.2 mA for
Vg < 10 V) the supply voltage can again climb to the turn-on threshold Vo > 12.3 V.
The protective threshold on pin 5 is released and the switched-mode power supply attempts
to turn on.

If the same fault is still present or another (V5 < V5, - 0.1 V), the turn-on will be interrupted
by the above, periodic protective operation, i.e. pin 8 is disabled, pin 5 is blocked, Vq falls
off, etc.

*) 10 k2/3 W in application circuit 1
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@ Protective operation with capture circuit

The starting resistor on pin 9 is chosen sufficiently low-impedance so that in the event of
a fault Vg does not fall below the maximum turn-off threshold (7.5 V) for V;. The blocking
of pin 5 is preserved because V; will not have been turned off. A one-time fault is thus
captured and turning the SMPS on again is not possible, for example, until the supply voltage
has been manually turned off (power switch).

In the designing of the starting resistor it should be considered that in protective operation
the current consumption reduces to I < 28 mA for Vg =10 V.

IV) Turn-on in wide-range power supply (90 to 270 Vac)
(application circuit 2)

Free-running flyback converters used as wide-range power supplies call for a power supply
to the TDA 4601 that is independent of the rectified line voltage, thus the sense of the
winding 11/13 corresponds to the secondary side of the flyback-converter transformer.
Turning on is hampered by the fact that the TDA 4601 must be supplied by the start-up
circuit until the entire load secondary side is charged. This leads to long turn-on times,
especially with a low line voltage.

If the special start-up circuit is used (marked by dashed lines) this time can be shortened.
The unregulated phase of the feedback control winding 15/9 is used as a turn-on aid.
The transistor T1 blocks after turn-on, when the winding 11/13 has taken over the power
supply to the TDA 4601, thus eliminating any effects on the control circuit during operation.

(TDA 4601: Plastic Power Package - 9 pin SIP package)
Pin configuration (TDA 4601D: Plastic 18 pin DIP package)

Pin No. Function
1 Vier Output
2 Zero-passage identification
3 Input regulating ampilifier, overload amplifier
4 Collector-current simulation
5 Possible connection for additional protective circuit
6 Ground (rigidly connected to substrate mounting plate)
7 DC voltage output for charging the coupling capacitor
8 Pulse output, driving the switching transistor
9 Power supply
10
connected to ground
18
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TDA 4601 D
Block diagram
TDA 4601
I
Control Base current
Start-up amplifier | 1 amplifier
circuit Trigger -
Start
Standby ™1 Hold = Cont
operation oupling -~
peration - charging |
Voltage circuit
control i
pverlqu . Control Base current
identification| | logic shut-down |1
Reference Zero passage Collector current Ext. blocking
voltage identification 5|muluhon ulfernuflve 'l'
1 2 3 l. 7 8 9
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Test and measurement circuit 1

/ \
O

) TDA 4601
1 E—I 3 L 5 r 7 8 9
4
22&? 0.68Q
g — ()
2.2kQ 100kQ
1 ;
v []1kQ 20kQ | 10kQ == 10pF
ref ° 1N 4003
==10nF
h " L v q ;‘WUF
21
1uF
| B & Ooa | T
Klock Vtontrol V9

Test diagram: overload operation

\
Vclock
]4-0,5
0 + ps
10 20f30 40 60 70180 — 1t
-0,54
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1_
0 ps
Vs — et
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TDA 4601

TDA 4601 D
Test and measurement circuit 2
Application circuit 1
T 220V ac
L70F T l47nF ( O h
LH
NN € 1000
! 2702 K D TOA 4601
l | - *' 1 2.3 |6 [5 |6 7 JENE YING007
I ma T ooy 0689 IN22| 190/
; | 00uF/6V 22pF| (kU | 1 3W
| | { ur-| e ! 100yF /4725V
i , 2zopF31’25Aﬂ 10k j [,]12 on| =
5 | ' 210k K2 | | ==nourev
E—,’l | k2| B78108
gl l W35V Bzcxagazﬁ
§I | 1 I SZBYZ?SIIASO _ 2 BY 258/200
! | 8.2nF r---"-gfglm
|
l | i &--_-"-"'7 nF BU 208
\ | i 0002 [ Jsst————
! O :
] L
%
270pF
1) Limits [Cpoo0f BU 208 if

permissible output

power is exceeded

L0 pF

2) Adjustment of secondary
voltage.

3) Must be discharged
before IC change

— - — Protective circuit to prevent increase of secondary voltage when fault occurs
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Additions to test circuit 2

kHz Frequency versus output power
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Efficiency versus output power
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Output power —
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Additions to test circuit 2

Load characteristic V, .. versus output current [, s
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Application circuit 2

Wide range 90 Vac to 270 Vac

9 90V-270Vac 9

Line separation

|
I
|
|
|
|
|
|
|
|
I
|
|
l
|
|
|
_

i

|
IKZB\ >

4H220pF3’

150kQ

1) Limits ICpqy of BU 208
if permissible output
power is exceeded.

2) Adjustment of secondary
voltage.

3)Must be discharged
before IC change.

~--Special starting circuit.

B250/ ]
£1000 ) TDA 4601
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15k | 100pF lSkQ” 27kQ
270kQ| 6.2kQ2 1004125V
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7805
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W/SV  1/85V W/36.5V
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Thermal resistance (only applies to TDA 4601 D)

Standardized, ambience-related thermal resistance Ry, ya 1 versus lateral length | of a square
copper-clad cooling area (35 um copper lamination).

RthJA (I=0)=60 K/W
Tamb < 70°C
P\/ =1W
PCB in vertical position
circuit in vertical position
static air

1.0

Rinsa1q)
Rinsag=o0)
T 09

08
\ Rihsa
ML
\ R (0

0,7
Example \

0,6

0 50 100 mm
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TDA 47C0/TDA 4700A
Control IC for Single-Ended
and Push-Puli Switched-Mode

Power Supplies

BipolariC

This versatile SMPS control IC comprises digital and analog functions which are required
to design high-quality flyback, single-ended and push-pull converters in normal, half-bridge
and full-bridge configurations. The component can also be used in single-ended voltage
multipliers and speed-controlled motors. Malfunctions in electrical operation are recognized
by the integrated operational amplifiers and activate protective functions.

In addition to the noticeable reduction in components, our SMPS ICs offer a number of

advantages:

® Feed-forward control (line hum suppression) Pin designation

® Symmetry inputs for push-pull converter
® Dynamic output current limitation

® Overvoltage protection

® Undervoltage protection

@ Soft start

® Double pulse suppression

Pin configuration,

top view
=

0 1] e 1svM a1
* Vret 2[ ]23 *+loyy

% 3(] 22 -1

a2 o] 21 10v

a1 5] ]20 aov
15YMaz 6] []19 oNsOFF/1uv
asyNe 1] 18 1sYnC
Cooft start Bl: ]17 +1 op amp
R 9] 116 -1 0p amp
Coter 10[ ]15 Q op amp
G n ] ] 1 comp
Re ] 13 ¢,

Pin No. Function
1 Os
2 Reference voltage V,
3 Supply voltage Vs
4 OutputQ 2
5 Output Q 1
6 Symmetry Q 2
7 Sync. output
8 Soft start Ceo start
9 VCOR;
10 Capacitance Cyjer
11 VCO C;
12 Ramp generator Ry
13 Ramp generator Cy
14 Comparator input
15 Operational amplifier output
16 Operational amplifier input (—)
17 Operational amplifier input (+)
18 Sync. input
19 ON/OFF, undervoltage
20 Overvoltage output
21 Overvoltage input
22 Dynamic current limitation (—)
23 Dynamic current limitation (+)
24 Symmetry Q1
(TDA 4700 - Ceramic 24 pin DIL package)

(TDA 4700A - Plastic 24 pin DIL package)

AG 1/84
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Circuit description

Voltage controlled oscillator (VCO)

The VCO generates a sawtooth voltage. The duration of the falling edge is determined by the
value of Ct. The duration of the rising edge of the waveform and, therefore, approximately
the frequency, is determined by the value of Ry. By varying the voltage at Cye, the oscillator
frequency can be changed by its rated value. During the fall time, the VCO provides a trigger
signal for the ramp generator, as well as an L signal for a number of IC parts to be controlled.

Ramp generator

The ramp generator is triggered by the VCO and oscillates at the same: frequency. The
duration of the falling edge of the ramp generator waveform is to be shorter than the fall
time of the VCO. To control the pulse width at the output, the voltage of the rising edge of
the ramp generator signal is compared with a dc voltage at comparator K2. The slope of the
rising edge of the ramp generator signal is controlied by the current through Rg. This offers
the possibility of an additional, superimposed control of the output duty cycle. This additional
control capability, called »feed-forward control«, is utilized to compensate for known
interference such as ripple on the input volitage.

Phase comparator

If the component is operated without external synchronization, the sync input must be
connected to the sync output for the phase comparator to set the rated voltage at Cyjjer-
The VCO then oscillates with rated frequency. In the case of external synchronization, other
components can be synchronized with the sync output. The component can be frequency-
synchronized, but not phase-synchronized, with the sync input. The duty cycle of the
square-wave voltage at the sync input is arbitrary. The best stability as to small phase and
frequency interference deviation is achieved with a duty cycle as offered by the sync output.

Push-pull flipflop

The push-pull flipflop is switched by the falling edge of the VCO. This ensures that only
one output of the two push-pull outputs is enabled at a time.

Comparator K2

The two plus inputs of the comparator are switched such that the lower plus level is always
compared with the level of the minus input. As soon as the voltage of the rising sawtooth
edge exceeds the lower of the two plus levels, both outputs are disabled via the pulse
turn-off flipflop. The period during which the respective, active output is low can be infinitely
varied. As the frequency remains constant, this process corresponds to a change in duty
cycle.
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Operational amplifier K1

The K1 op amp is a high-quality amplifier. Fluctuations in the output voltage of the power
supply are amplified by K1 and applied to the free + input of comparator K2. Variations in
output voltage are, in this way, converted to a corresponding change in output duty cycle.
K1 has a common-mode input voltage range between 0 Vand +5 V.

Pulse turn-off flipflop

The pulse turn-off flipflop enables the outputs at the start of each half cycle. If an error signal
from comparator K7 or a turn-off signal from K2 is present, the outputs will immediately
be switched off.

Comparator K3

Comparator K3 limits the voltage at capacitance Cgot start (@nd also at K2) to a maximum
of +5 V. The voltage at the ramp generator output may, however, rise to 5.5 V. With a
corresponding slope of the rising ramp generator edge, the duty cycle can be limited to a
desired maximum value.

Comparator K4

The comparator has its switching threshold at 1.5 V and sets the error flipflop with its output
if the voltage at capacitance Cgoy start iS below 1.5 V. However, the error flipflop accepts the
set signal only if no reset pulse (error) is applied. In this way the outputs cannot be turned
on again as long as an error signal is present.

Soft start

The lower one of the two voltages at the plus inputs of K2 is a measure for the duty cycle
at the output. At the instant of turning on the component, the voltage at capacitor Cgot start
equals 0 V. As long as no error is present, this capacitor is charged with a current of 6 pA to
the maximum value of 5 V. In case of an error, Csoft start iS discharged with a current of 2 pA.

" A set signal is pending at the error flipflop below a charge of 1.5 V and the outputs are
enabled if no reset signal is pending simultaneously. As the minimum ramp generator voltage,
however, is 1.8 V, the duty cycle at the outputs is actually increased slowly and continuously
not before the voltage at Cqof start €XCeeds 1.8 V.

Error flipflop

Error signals which are led to input R of the error flipflop cause an immediate disabling of
the outputs, and after the error has been eliminated, the component to switch on again
using the soft start.

Comparator K5, K6, K8, V,.s overcurrent load

These are error detectors which cause immediate disabling of the outputs via the error
flipflop when an error occurs. After elimination of the error, the component switches on again
using the soft start. The output of K5 can be fed back to the input. This causes the IC output
stage to remain disabled even after elimination of the overvoltage. However, it requires
high-ohmic overvoltage coupling.
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Comparator K7

K7 serves to recognize overcurrents. This is the reason why both inputs of the op amp
have been brought out. Turning on is resumed after error recovery at the beginning of the
next half period but without using the soft start.

The K7 common-mode range covers 0 V to +4 V. The delay time between occurrence of an
error and disabling of the outputs is only 250 ns.

Symmetry

In push-pull converters, a saturation of the transformer core must be prevented. The degree
of saturation of the transformer can be determined with an external circuit, thus the active
periods of the outputs can be decreased unsymmetrically at the symmetry inputs.

Outputs

Both outputs are transistors with open collectors and operate in a push-pull arrangement.
They are active low. The time in which only one of the two outputs is conductive can be varied
infinitely. The length of the falling edge at VCO is equal to the minimum time during which
both outputs are disabled simultaneously. The minimum L voltage is 0.7 V.

Reference voltage

The reference voltage source is a highly constant source with regard to its temperature
behavoir. It can be utilized in the external wiring of the op amp, the error comparators, the
ramp generator, or other external components.
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Maximum ratings Notes Lower Upper
limit B limit A
Supply voltage Vs —-0.3 33 \
Voltage at Q1, Q2 Va Q1, Q2 high -0.3 33 \
CurrentatQ1, Q2 Iq Q1,Q2 low 70 mA
Symmetry 1, 2 Vsym —0.3 33 \
Sync output Vsynca SYNC Q high | —0.3 7 \
IschQ SYNC Q low 0 10 mA
Sync input Vsynei —0.3 33 \
Input Crilter Vit -0.3 7 \
Input Rt V] RT —-0.3 7 \
Input Ct Vier —0.3 7 \
Input Rg Virr —0.3 7 \
Input Cg I[cg =10 10 mA
Input comparator
K2,K5,K6,K7 Vik —0.3 33 \
OutputK 5 Vaks -0.3 33 v
Input op amp Viopamp —0.3 33 \'
Output op amp Vaopamp —0.3 Vg—1 \Y)
max. 7 \Y
Reference voltage Vet —0.3 Viet \
Input Ceoft start Visoftstart -0.3 \
Junction temperature T; 125 °C
Storage temperature Tstg —55 125 °C
Thermal resistance (system-air)
TDA 4700 Rinsa 65 K/W
TDA 4700 A Rinsa 65 K/W
Operating range
Supply voltage Vs 10.5 30 \
Ambient temperature .
TDA 4700 Tamb —25 85 °C
TDA 4700 A Tamb 0 70 °C
VCO frequency f 40 250000 Hz
Ramp generator frequency fra 40 250000 Hz
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TDA 4700 A
Characteristics
Vs=11Vto30V; Test Lower Upper
Tomp =—25 °C to +85 °C conditions limitB | typ limit A
Supply current Is Cr=1nF, 8 20 mA
fvco =100 kHz
Reference
Reference voltage Vet OMA<[<5mA 2.35 2.5 2.65 \"
Reference voltage change AV, o 14V £ 20% 8 mV
Reference voltage change AV e 25V + 20% 15 mV
Reference voltage change AV g OmMA< I <5mA 15" mV
Temperature coefficient TC 0.25 0.4 mV/K
Response threshold
of I,; overcurrent Lot 10 mA
Oscillator (VCO)
Frequency range fuco 40 100000 Hz
Frequency change Af/ffyco | 14V £ 20% 0.5 %
Frequency change Af/fyco | 25V £ 20% -1 1 %
Tolerance Af/fyco | ART=0,4C7=0 -7 %
Fall time sawtooth t Cr= 1nF 1 us
t Cr=10nF 10 us
RC combination Cr 0.82 47 nF
vCO Rt 5 700 kQ
Ramp generator
Frequency range f 40 100000 Hz
Maximum voltage at Cy Vy 5.5 \
Minimum voltage at Cg Vi 1.8 Vv
Input current through Ry Irr 0 400 HA
Current transformation ratio Igr/Icr 1/4
Synchronization
Sync output VQH IQH =-—200 p,A 4 \
VQL IQL=146 mA 0.4 \
Sync input Vin 2 \"
ViL 0.8 \Y
Input current —I; 5 pA
Comparator K2
Input current —Iiko 2 A
Turn-off delay?) tq off 500 ns
Input voltage Vike for duty cycle
v=0 1.8 \'
Vv =max. Vv
Common-mode input voltage range V¢ 0 5.5 Vv

1) At Tamn =0°C to 70 °C, this value falls to max. 5 mV.
2) At the input: step functiond V=—100 mV_+4Y =+100 mV
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TDA 4700 A
Characteristics .
/s=11V1io 30 V; Test Lower Upper
fomb =—25 °C to +85 °C conditions limit B typ limit A
Soft start K3, K4
Charging current for Cgog sart JAS 6 pA
Discharging current for Csonstart  Idcn 2 A
Upper limiting voltage Viim 5 \
Switching voltage K4 Vka 1.5 "
Operational amplifier
Open-loop voltage gain Gvo 60 80 dB
Input offset voltage Vio —10 10 mV
Temperature coefficient of Vo TC —30 30 pV/K
Input current =1 2 LA
Common-mode input
voltage range Vic 0 5 \"
Output current Iq -3 1.5 mA
Rise time of
output voltage AV/At 1 V/us
Transition frequency fr 3 MHz
Phase at fr (2% 120 degrees
Output voltage Vour | -3mA<I<15mA| 1.5 5.5 \Y
Symmetry
Input voltage Vin 2.0 Vv
Vi 0.8 %
Input current =1 2 RA
Output stages Q1, Q2
Output voltage Van 30 \
VaL Io=20mA 1.1 Vv
Output leakage current Iy, Vau=30V 2 pA
ON, OFF, undervoltage K6
Switching voltage v Vier-30mV Viert30mV | V
Input current =1 2 pA
Turn-off delay time" tq off 250 ns
Error detection time?) t 50 ns

1) At the input: step function Vg =—100 mV_V,=+100 mV
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Characteristics
Vs=11Vto30V; T,my=—25°Cto +85°C

Test Lower typ Upper

conditions limit B limit A
Dynamic current limitation K 7
Common-mode input voltage range V¢ 0 4 "
Input offset voltage Vio —10 10 mV
Input current -1 2 LA
Turn-off delay time" ty off 250 ns
Error detection time? t 50 ns
Overvoltage K 5
Switching voltage v Vie=30 mV VierF30 mV | V
Input current =1 2 A
Output current Iy | Voumin=5V 0 200 pA
Turn-off delay time?2 tqoff 250 ns
Error detection time? t 50 ns
Supply undervoltage
Turn-on threshold for Vg Vs 8.8 11 \Y
rising 0°C<Tamp<70°C 10.5 Vv
Turn-off threshold for Vg Vs 8.5 10.5 \
falling : 0°C<Tamp<70°C 10 \
Input Cyje,
Rated voltage for rated frequency Vg 4 \
Frequency approx. proportional to
voltage within the range Vr 3 5 \
Voltage at open
sync input Veie 1.6 \Y

1) Atthe input: step function4V =-100 mV _~4V =+100 mV
2) Atthe input: step function V oy =—100 mV_~> Vo, =+100 mV
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Dimensioning notes for RC network

1. Determination of the minimum time during which both outputs must be disabled
—> selection of Cr; selection of Cg < Ct

2. Determination of the VCO frequency = 2 x output frequency
—> selection of Ry.

3. Determination of the rated slope of the rising ramp generator voltage, which the maximum
possible turn-on period per half wave depends on

—> selection of Rg.

4. Duration of the soft start process
—> selection of Cgopt start-

5. In the case of a free-running VCO: connect sync output with sync input.

6. Wiring of the op amp according to the dynamic requirements and connection of its
output with the free input of K2.

7. Capacitance Cyjie, is not required in the free-running operation (sync input connected
with sync output).
In the case of external synchronization, that value depends on the selected operating
frequency and the required maximum phase interference deviation.

Rated VCO frequency: 100 kHz 50 Hz
Ciiiter favorable: 10 nF 1 uF
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Pulse diagram
v Voltage at G
5
Vi
f2
0
Sync output
Yevnca
F W o
Voltage at ramp generator
v Vire>Vrrirated > VirR
5.5 v
g ) ,/' | I T VC soft start
= +
Ver A \v 1K2
f 18
0+
Voltage at output?
] !
Vai i
1
f1 -
0
Vol tage at output 2
\ b4t
Y, H i !
T1 i 1
0 t
05T 17 15T +
-
2
t Soft start- error-ON/OFF g
sV ‘g
-5 o £
5 = 2 a w
< |8 g 5 5
R S
" N =l
o1 213 4 5 & 7 9 10 11!121311.1‘5s
—»t
” |
0 12

952



€56

Input
comp.

Output

-Input

+Input

Virr
G ||R G Ry Crver  15YNC QSYNC ISYMQ1 ISYMQ2
13 12 1 9 10 18 7 24 6
Fm——— e e g e e — —— —_——
1
: lIRR
} Ramp Phase
+— ~— V(O - .
1 generator comp. | Push-pull FF
| ‘ = >
= Ramp
1 voltage Sync. pulse 0
|
i Minimum level |— K2 Comparafor R _—
1L|ﬁ —l* pucan i | R dominant
+
 — e
; Q
| Op amp dominant
164 Discharge at Q = (error) Pulse turn-off FF
! [Error-FF(R dominant )
17 o
| I,=6pA Iyn=2pA
1 1C undervoltage
: z S[E] [z R +
| e K8 Vstab
| -
= +1.5V
I
. max
| 5V 5V p K7
| + -
L Vit overcurrent load
- 8 20 1 19 - TTTTTTTTTTTTTT
033pEL Overvoltage ON/OFF Dynamic current
Soft start Tl‘s,,,;,n,, undervoltage limitation

4 Q2 output
(active L)
07V=y =1V

5Q1 output
(active L)
07V =V, =1V

3 +Vs Supply
voltage

! V¢ Reference

2 voltage

22 pF
IP

10V

weibeip ya0|g

v 00.¥ vaL
004V vaL



TDA 4700

TDA 4700 A
VCO frequency versus Ry and Cr.
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TDA 4700 A
VCO temperature response
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TDA 4714A/TDA 4714B
IC for
Switched-Mode Power Supplies

Bipolar IC

This versatile, 14-pin SMPS IC comprises digital and analog functions which are required
to design high-quality flyback, single-ended, and push-pull converters in normal, half-
bridge and full-bridge configurations. The component can also be used in single-ended
voltage multipliers and speed-controlled motors. Malfunctions in electrical operation are
recognized by the integrated op amps and activate protective functions.

Features

@ Push-pull outputs (open collector)

@® Double pulse suppression

@® Dynamic current limitation

@ Overvoltage protection

@ IC undervoltage protection

@ Reference voltage source (£ 2% for TDA 4714 B)
@® Reference overload protection

@® Soft start

@® Feed-forward control

Pin configuration Pin designation
top view Pin No. | Function
= 1 Reference voltage V¢
Viet 1[ :l”» 0s 2 Supply voltage Vg
3 Output Q2
Vs 2 13 +1,
% 2] 103 +ton 4 Output Q 1
Q2 3[ :'12 -lown 5 Soft start Cson stan
6 VCO Ry
a1 ] 1 tov > VOO Cn
Csott sem-"[ ]10 1 coMp 8 Ramp generator Rg
] 5 ¢ 9 Ramp generator Cg
Ri 6[ R 10 ‘| Input comparator
G 1 :] 8 Ry 11 Input overvoltage
12 Dynamic current limitation (—)
13 Dynamic current limitation (+)
14 Os

(TDA 4714A/4714B - Plastic 14 pin DIL package)

AG 1/84
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Circuit description
The following is a description of the individual functional units and their interaction.

Voltage controlled oscillator (VCO)

The VCO generates a sawtooth voltage. The duration of the falling edge is determined by the
value of Cy. The duration of the rising edge of the waveform and, therefore, approximately
the frequency, is determined by the value of Ry. During the fall time, the VCO provides a trigger
signal for the ramp generator, as well as an L signal for a number of IC parts to be controlled.

Ramp generator

The ramp generator is triggered by the VCO and oscillates at the same frequency. The
duration of the falling edge of the ramp generator waveform is to be shorter than the fall time
of the VCO. To control the pulse width at the output, the voltage of the rising edge of the
ramp generator signal is compared with a dc voltage at comparator K2. The slope of the
rising edge of the ramp generator signal is controlled by the current through Rg. This offers
the possibility of an additional, superimposed control of the output duty cycle. This additional
control capability, called »feed-forward control«, is utilized to compensate for known
interference such as ripple on the input voltage.

Push-pull flipflop

The push-pull flipflop is switched by the falling edge of the VCO. This ensures that only
one output of the two push-pull outputs is enabled at a time.

Comparator K2

The two plus inputs of the comparator are switched such that the lower plus level is always
compared with the level of the minus input. As soon as the voltage of the rising sawtooth
edge exceeds the lower of the two plus levels, both outputs are disabled via the pulse
turn-off flipflop. The period during which the respective, active output is low can be infinitely
varied. As the frequency remains constant, this process corresponds to a change in duty
cycle.

Pulse turn-off flipflop

The pulse turn-off flipflop enables the outputs at the start of each half cycle. If an error signal
from comparator K7 or a turn-off signal from K2 is present, the outputs will immediately be
switched off.

Comparator K3

Comparator K3 limits the voltage at capacitance Cgoy; start (@nd also at K2!) to a maximum of
5 V. The voltage at the ramp generator output may, however, rise to 5.5 V. With a correspond-
ing slope of the rising ramp generator edge, the duty cycle can be limited to a desired
maximum value.

Comparator K4

The comparator has its switching threshold at 1.5 V and sets the error flipflop with its output
if the voltage at capacitance Cqoft start IS below 1.5 V. However, the error flipflop accepts the
set signal only if no reset pulse (error) is applied. In this way, the outputs cannot be turned
on again as long as an error signal is present.

958



TDA 4714 A
TDA 4714 B

Soft start

The lower one of the two voltages at the plus inputs of K2 is a measure for the duty cycle
at the output. At the instant of turning on the component, the voltage at capacitor Csoft start
equals 0 V. As long as no error is present, this capacitor is charged with a current of 6 pA
to the maximum value of 5 V. In case of an error, Cqo start is discharged with a current of 2 pA.
A set signal is pending at the error flipflop below a charge of 1.5 V and the outputs are
enabled if no reset signal is pending simultaneously. As the minimum ramp generator
voltage, however, is 1.8 V, the duty cycle at the outputs is actually increased slowly and
continuously not before the voltage at Cgo start €XCeeds 1.8 V.

Error flipflop

Error signals, which are led to input R of the error flipflop cause an immediate disabling of
the outputs, and after the error has been eliminated, the component to switch on again using
the soft start.

Comparator K5, K8, V,¢; overcurrent load

These are error detectors which cause immediate disabling of the outputs via the error
flipflop when an error occurs. After elimination of the error, the component switches on
again using the soft start.

Comparator K7

K7 serves to recognize overcurrents. This is the reason why both inputs of the op amp
have been brought out. Turning on is resumed after error recovery at the beginning of the
next half period but without using the soft start. K7 has a common-mode input voltage range
between 0 V and 4 V. The delay time between occurrence of an error and disabling of the
outputs is only 250 ns.

Outputs

Both outputs are transistors with open collectors and operate in a push-pull arrangement.
They are actively low. The time in which only one of the two outputs is conductive can be
varied infinitely. The length of the falling edge at VCO is equal to the minimum time during
which both outputs are disabled simultaneously. The minimum L voltage is 0.7 V.

Reference voltage

The reference voltage source is a highly constant source with regard to its temperature
behavior. It can be utilized in the external wiring of the op amp, the error comparators, the
ramp generator, or other external components.
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TDA 4714 B
Maximum ratings Lower Upper
limit B limit A
Supply voltage Vs —-0.3 33 \'
Voltage at Q1, Q2 Va -0.3 33 v
Q1/2 high
Currentat Q1, Q2 Iq 70 mA
Q1/2 low

Input Ry Vi RT —-0.3 7 \
Input Cy Vier —0.3 7 \
Input Rg ViRR —0.3 7 v
Input CR I] CR -10 10 mA
Input comparator
K2, K5,K7 Vik2,5,7 —0.3 33 \
Output K5 Vaks —0.3 33 Vv
Reference voltage Varet —0.3 Viet \Y
Input Csoﬂ start Vl softstart —03 7 \
Junction temperature Tj 125 °C
Storage temperature Tetg —55 125 °C
Thermal resistance (system-air) Rih sa 60 K/W
Operating range
Supply voltage TDA 4714 A Vs 10.5 30 \'

TDA 4714 B Vs 11 30 \
Ambient temperature TDA 4714 A Tamb 0 70 °C

Tamb —25 85 °C

Frequency range f 40 100000 Hz
VCO frequency fuvco 40 250000 Hz
Ramp generator frequency fra 40 250000 Hz
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TDA 4714B

Characteristics TDA 4714 A TDA 4714 B

Lower. Upper Lower Upper

limitB | typ limit A limitB | typ limit A
Supply voltage Vs 10.5 30 11 30 \
Ambient temperature Tamb 0 70 —25 85 °C
Supply current Is 8 16 8 20 mA
Cr= 1nF
fvco =100 kHz
Reference
Reference voltage Viet 2.35 2.5 2.65 2.45 2.5 2.55 \Y
0mMA< g < 5 mA
Voltage change AV 8 8 mV
Vs=14V £ 20%
Voltage change AV et 15 15 mV
Vs=25V + 20%
Voltage change AV et 5 15 mV
0 mMA< [ief < 5 MA
Temperature coefficient TC 0.25 0.4 0.25 04 mV/K
Response threshold
of I, Overcurrent Lot 10 10 mA
Oscillator (VCO)
Frequency range f 40 100000 40 100000 Hz
Frequency change At/f 0.5 0.5 %
Vs =14 + 20%
Frequency change Af/f -1 1 -1 1 %
Vs=25V * 20%
Tolerance Af/f -7 7 -7 7 %
ARy=0;4C;=0
Fall time sawtooth
Cr= 1nF 1 us
Cr=10nF 10 10 us
RC combination Cr 0.82 47 0.82 47 nF
VvCO Rt 5 700 5 700 kQ
Ramp generator
Frequency range fra 40 100000 40 100000 Hz
Maximum voltage at Cg Vy 5.5 5.5 \Y
Minimum voltage at Cg Vi 1.8 1.8 \Y
Input current through Ry Ipg 0 400 0 400 RA
Current transformation ratio Ipr/Icr 1/4 1/4
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TDA47T14A
TDA 4714 A TDA 4714 B

Lower Upper Lower Upper

limitB | typ limit A limitB | typ limit A
Comparator K2
Input current —Ixs 2 2 pA
Turn-off delay time" tq off 500 500 ns
Input voltage Vike ’
Duty cyclev=0 1.8 1.8 Vv
Duty cyclev = max. 5 \'
Common-mode input voltage V¢ 0 5.5 0 5.5 v
range
Softstart K3, K4
Charging current for Cgofistart Ich 6 6 pA
Discharging current
for Csoﬂ start Idch 2 2 IJ'A
Upper limiting voltage Viim 5 5 \
Switching voltage K4 Vka 1.5 1.5 Vv
Output stages Q1, Q2
Output voltage Vau 30 30 \
Iqa=20mA Vau 1.1 1.1 \"
Output current Iq 2 pA
Voh=30V
Dynamic current
limitation K7
Common-mode input
voltage range Vic 0 4 0 4 Vv
Input offset voltage Vio -10 10 —10 10 mV
Input current = 2 2 pA
Turn-off delay time" tdoff 250 250 ns
Error detection time") t 50 50 ns
Overvoltage K 5
Switching voltage v Vier— Viert Vier— Viert \Y

30 30 30 30 mV
Input current =1 2 2 pA
Turn-off delay time?2 td off 250 250 ns
Error detection time?2 t 50 50 ns
Supply undervoltage
Turn-on threshold
for Vg, rising Vs 8.8 10.5 8.8 1 Vv
Turn-on threshold
for Vg, falling Vs 8.5 10 8.5 10.5 v

1) At the input: step function 4V =—100 mV .~ AV =+100 mV
2) At the input: step function Vi =—100 mV-> V,=+100 mV
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Dimensioning notes for RC network

1. Determination of the minimum time during which both outputs must be disabled
‘— selection of Cy; selection of Cg < Cr.

2. Determination of the VCO frequency = 2 x output frequency
—> selection of Ry.

3. Determination of the rated slope of the rising ramp generator voltage, which the maximum
possible turn-on period per half wave depends on

—> selection of Rg.

4. Duration of the soft start process
—> selection of Cgoyt start-
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TDA 4714 B

Pulse diagram
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TDA 4714 A

TDA 4714B
VCO temperature response
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TDA 4716A/TDA 4716B
IC for |
Switched-Mode Power Supplies

Bipolar IC

This versatile, 16-pin SMPS IC comprises digital and analog functions which are required
to design high-quality flyback, single-ended, and push-pull converters in normal, half-
bridge ard full-bridge configurations. The component can also be used in single-ended
voltage inultipliers and speed-controlled motors. Malfuncticns in electrical operation are
recognized by the integrated op amps, and activate protective functions.

Features
@® Push-pull outputs (open collector)
@ Double pulse suppression
@ Dynamic current limitation
® Overvoltage protection
@ [C undervoltage protection
© Reference voltage source (+ 2% for TDA 4716 B)
® Reference overload protection
@ Feed-forward control
@® Operational amplifier
@ Soft start
Pin configuration Pin designation
top view Pin. No.| Function
J 1 Reference voltage V¢
Veer 1 [: ]16 0 2 Supply voltage Vg
3 Output Q2
v 2] 15 +lon 4 Output Q 1
Q2 3[ ] W =Topn 5 Soft start Csort start
Q1 l.[ ]13 lov 6 VeO Ar
7 VCO Cq
Cooi W'SE ]12 +lop amp 8 Ramp generator Rg’
9 Ramp generator Cg
R 6[ :l” -lop amp 10 Operational amplifier output
G 7[ ]10 Q op amp 11 Operati.onal amplifier input (—)
12 Operational amplifier input (+)
R, a[ ]9 G 13 Input overvoltage
14 Dynamic current 'imitation (—)
15 Dynamic current limitation (+)
16 Os

(TDA 4716A/4716B - Plastic 16 pin DIL package)
AG 1/84
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Circuit description
The following is a description of the individual functional units and their interaction.

Voltage controlied oscillator (VCO)

The VCO generates a sawtooth voltage. The duration of the falling edge is determined by the
value of Ct. The duration of the rising edge of the waveform and, therefore, approximalety the
frequency, is determined by the value of Ry. During the fall time, the VCO provides a trigger
signal for the ramp generator, as well as an L signal for a number of IC parts to be controlled.

Ramp generator

The ramp generator is triggered by the VCO and oscillates at the same frequency. The duration
of the falling edge of the ramp generator waveform is to be shorter than the fall time of the
VCO. To control the pulse width at the output, the voltage of the rising edge of the ramp
generator signal is compared with a dc voltage at comparator K2. The slope of the rising
edge of the ramp generator signal is controlled by the current through Rg. This offers the
possibility of an additional, superimposed control of the output duty cycle. This additional
control capability, called »feed-forward controle, is utilized to compensate for known inter-
ference such as ripple on the input voltage.

Push-pull flipflop

The push-pull flipflop is switched by the falling edge of the VCO. This ensures that only one
output of the two push-pull outputs is enabled at a time.

Comparator K2

The two plus inputs of the comparator are switched such that the lower plus level is always
compared with the level of the minus input. As soon as the voltage of the rising sawtooth edge
exceeds the lower of the two plus levels, both outputs are disabled via the pulse turn-off
flipflop. The period during which the respective, active output is low can be infinitely varied.
As the frequency remains constant, this process corresponds to a change in duty cycle.

Operational amplifier K1

The op amp K1 is a high-quality amplifier. Fluctuations in the output voltage of the power
supply are amplified by K1 and applied to the free + input of comparator K2. Variations in
output voltage are, in this way, converted to a corresponding change in output duty cycle.
K1 has a common-mode input voltage range between 0 Vand +5 V.

Pulse turn-off flipflop

The pulse turn-off flipflop enables the outputs at the start of each half cycle. If an error
signal from comparator K7 or a turn-off signal from K2 is present, the outputs will immediately
be switched off.

Comparator K3
Comparator K3 limits the voltage of capacitance Cgot start (@nd also at K2!) to a maximum of
5 V. The voltage at the ramp generator output may, however, rise to 5.5 V. With a cerrespond-
ing slope of the rising ramp generator edge, the duty cycle can be limited to a desired
maximum value.
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Comparator K4

The comparator has its switching threshold at 1.5 V and sets the error flipflop with its output
if the voltage at capacitance Cgost start iS below 1.5 V. However, the error flipflop accepts the
set signal only if no reset pulse (error) is applied. In this way the outputs cannot be turned
on again as long as an error signal is present.

Soft start

The lower one of the two voltages at the plus inputs of K2 is a measure for the duty cycle
at the output. At the instant of turning on the component, the voltage at capacitor Cgoft start
equals 0 V. As long as no error is present, this capacitor is charged with a current of 6 pA
at the maximum value of 5 V. In case of an error, Cgsot start iS discharged with a current
of 2 pA. A set signal is pending at the error flipflop below a charge of 1.5 V and the outputs
are enabled if no reset signal is pending simultaneously. As the minimum ramp generator
voltage, however, is 1.8 V, the duty cycle at the outputs is actually increased slowly and
continuously not before the voltage at Cqog start €XCeeds 1.8 V.

Error flipflop

Error signals, which are led to input R of the error flipflop cause an immediate disabling of
the outputs, and after the error has been eliminated, the component to switch on again
using the soft start.

Comparator K5, K8, V,.; overcurrent load

These are error detectors which cause immediate disabling of the outputs via the error
flipflop when an error occurs. After elimination of the error, the component switches on again
using the soft start.

Comparator K7

K7 serves to recognize overcurrents. This is the reason why both inputs of the operational
amplifier have been brought out. Turning on is resumed after error recovery at the beginning
of the next half period but without using the soft start. K7 has a common-mode input voltage
range between 0 V and +4 V. The delay time between occurrence of an error and disabling
of the outputs is only 250 ns.

Outputs

Both outputs are transistors with open collectors and operate in a push-pull arrangement.
They are actively low. The time in which only one of the two outputs is conductive can be
varied infinitely. The length of the falling edge at VCO is equal to the minimum time during
which both outputs are disabled simultaneously. The minimum L voltage is 0.7 V.

Reference voltage

The reference voltage source is a highly constant source with regard to its temperature
behavior. It can be utilized in the external wiring of the op amp, the error comparators, the
ramp generator, or other external components.
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TDA 4716 A

TDA 4716 B
Maximum ratings Lower Upper
limit B limit A

Supply voltage Vs —0.3 33 \
Voltage at Q1, Q2 Va —-0.3 33 \Y

Q 1/2 high
CurrentatQ1,Q2 Iq 70 mA

Q1/2 low
Input Ry Vigr —-0.3 7 Vv
Input C+ Vier —0.3 7 Vv
Input Rg Vigr —0.3 7 \'
Input CR I[ CR -10 10 mA
Input comparator

K5, K7 Viks, 7 -0.3 33 Vv
Output K5 Vaks —-0.3 33 \Y
Input op amp Vi opamp —-0.3 33 \'
Output op amp Vaopamp -0.3 Vs—1 v

but max. 7 V
Reference voltage Varet -0.3 Viet v
Input Coptstart Visoftstart —0.3 7 \
Junction temperature Tj 125 °C
Storage temperature Tstg —-55 125 °C
Thermal resistance (system-air) Rih sa 60 K/W
Operating range
Supply voltage TDA 4716 A Vs. 10.5 30 Vv
TDA 4716 B Vs 11 30 \
Ambient temperature TDA 4716 A Tamb 0 70 °C
TDA 4716 B Tamb —25 85 °C

Frequency f 40 100000 Hz
VCO frequency fvco 40 250000 Hz
Ramp generator frequency fra 40 250000 Hz
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TDA 4716 A

TDA 4716 B

Characteristics TDA 4716 A TDA 4716 B

Lower Upper Lower Upper

limitB | typ limit A limitB | typ limit A
Supply voltage Vs 10.5 30 11 30 \
Ambient temperature Tamb 0 70 —25 85 °C
Supply current Is 8 16 8 20 mA
Cr=1nF
fyco =100 kHz
Reference
Reference voltage Viet 2.35 2.5 2.65 2.45 25 2.55 \
0mA <[ <5mA
Voltage change AV et 8 8 mV
Vs=14V £ 20%
Voltage change AV e 15 15 mV
Vs =25V £ 20%
Voltage change AV et 5 15 mV
0 mMA< It <5 mA
Temperature coefficient TC 0.25 0.4 025 |04 mV/K
Response threshold
of I s overcurrent Te 10 10 mA
Oscillator (VCO)
Frequency range f 40 100000 40 100000 Hz
Frequency change Af/f 0.5 0.5 %
Vs=14V £ 20%
Frequency change Af/f -1 1 —1 1 %
Vs=25V +20%
Tolerance Af/f -7 7 -7 7 %
AR =0;4C7;=0
Fall time sawtooth
Cr= 1nF 1 us
Cr=10nF 10 10 us
RC combination Cr 0.82 47 0.82 47 nF
VCO Rt 5 700 5 700 kQ
Ramp generator
Frequency range fra 40 100000 40 100000 Hz
Maximum voltage at Cg ' 5.5 5.5 Vv
Minimum voltage at Cg Vi 1.8 1.8 Vv
Input current throughRg  Igg 0 400 0 400 pA
Current transformation ratio Igp/Icr 1/4 1/4
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TDA 4716 B
TDA 4716 A TDA 4716 B
Lower Upper Lower Upper
limitB | typ limit A limitB | typ limit A

Comparator K2
Input current ) 2 2 pA
Turn-off delay time" tq off 500 500 ns
Input voltage Vike
Duty cyclev =0 1.8 1.8 \"

v = max 5 5 \
Common-mode input
voltage range Vie 0 5.5 0 5.5 \
Soft start K3, K4
Charging current
for Csoftstart Ien 6 6 RA
Discharging current
for Csofl start Idch 2 2 “’A
Upper limiting voltage Viim 5 5 Vv
Switching voltage K4 Vka 1.5 1.5 \
Operational amplifier
Open-loop voltage gain Gvo 60 80 60 80 dB
Input offset voltage Vio -10 10 -10 10 mV
Temperature coefficient
of Vio TC -30 30 —-30 30 BV/K
Incupt current I 2 2 pA
Common-mode input
voltage range Vie 0 5 0 5 v
Output current Iq -3 1.5 -3 1.5 mA
Rise time of
output voltage Av/At 1 1 V/pus
Transition frequency fr 3 3 MHz
Phase at f; /23 120 120 degr
Output voltage Vour | 1.5 5.5 1.5 5.5 \
—3mA<I<1.5mA
Output stages Q1, Q2
Output voltage Vau 30 30 v
10-20 mA VaL 1.1 1.1 '
Output current I 2 2 pA
Von=30V
Dynamic current limitation K 7
Common-mode input
voltage range Vic 0 4 0 4 v
Input offset voltage Vio -10 10 -10 10 mv
Input current -1 2 2 pA
Turn-off delay time1) tyott 250 250 ns
Error detection time? t 50 50 ns

1) Atthe input: step functiondV=—100 mV_+» AV=+100 mV
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TDA 4715 A

TDA 4716 B
TDA 4716 A TDA 4716 B

Lower Upper Lower Upper

limit B typ limit A limit B typ limit A
Overvoltage K 5
Switching voltage v Vier— Viert Vie— Viert Vv

30 30 30 30 mvV
Input current ~I 2 2 LA
Turn-off delay time?! tq off 250 250 ns
Error detection time" t 50 50 ns
Supply undervoltage
Turn-on threshold
for Vs, rising Vs 8.8 10.5 8.8 11 Vv
Turn-on threshold
for Vg, falling . Vs 8.5 10 8.5 10.5 Vv

Dimensioning notes for RC network

1. Determination of the minimum time during which both outputs must be disabled

—> selection of Cy; selection of Cy < Cs.
2. Determination of the VCO frequency = 2 x output frequency

—> selection of Ry.

3. Determination of the rated slope of the rising ramp generator voltage, which the maximum
possible turn-on period per half wave depends on

—> selection of Rg.

4. Duration of the soft start process

—> selection of Ceotstant

5. Wiring of the operational amplifier according to the dynamic requirements

1) Atthe input: step function V,ei =—100 mV >V, =+100 mV
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Pulse diagram
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TDA 4716 A
TDA 4716 B

VCO frequency versus Rt and Ct
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TDA 4716 A

TDA 4716 B
VCO temperature response
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TDA 4718/TDA 4718A

Control IC for Single-Ended
and Push-Pull Switched-Mode
Power Supplies

This 18-pin SMPS control IC comprises digital and analog functions which are required to
design high-quality flyback, single-ended, and push-pull converters in normal and half-
bridge configurations. In addition to the control functions, the circuit contains operational
amplifiers which detect malfunctions during electrical operation and suitable protective
measures. A PLL circuit for synchronization is one of the special advantages offered by this IC
in addition to the following features:

® Feed-forward control (line hum suppression)
@® Push-pull outputs

® Dynamic current limitation

@ Overvoltage protection

@® Undervoltage protection

® Soft start

@® Double pulse suppression

(TDA 4718 - Ceramic 18 pin DIL package)
(TDA 4718A - Plastic 18 pin DIL package)

Pin configuration Pin designation
top view Pin No. | Function
J
05 1] 18 ¢ 1 Os
2 Ramp generator Ry
Re 2 E :I 17 Citper 3 Ramp generator Cg
4 + input comparator K 2
& 3] 116 & 5 Sync input
1 COMP 4[ ]15 Cooft start 6 Input undervoltage, ON/OFF
7 Input overvoltage
1 SYNC 5 ]“' G SYNC 8 Input dynamic current limitation (—) -
luv 6 ]13 Q 9 Input dynamic current limitation (+)
10 Reference voltage Ve
lov 7[ ]12 az 11 Supply voltage Vg
w8 1 % 12 Output Q2
13 Output Q1
+low 9[ ]10 Vies 14 Sync output
15 Soft start
16 VCO Ry
17 Capacitance Cyjjer
18 VCO Ct

AG 1/84
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TDA 4718
TDA 4718 A

Circuit description

Voltage controlled oscillator (VCO)

The VCO generates a sawtooth voltage. The duration of the falling edge is determined by
the value of Ct. The duration of the rising edge of the waveform and, therefore, approximately
the frequency, is determined by the value of Ry. By varying the voltage at Cy;ie, the oscillator
frequency can be changed by its rated value. During the fall time, the VCO provides a trigger
signal for the ramp generator, as well as an L signal for a number of IC parts to be controlled.

Ramp generator

The ramp generator is triggered by the VCO and oscillates at the same frequency. The
duration of the falling edge of the ramp generator waveform is to be shorter than the fall time
of the VCO. To control the pulse width at the output, the voltage of the rising edge of the ramp
generator signal is compared with a dc voltage comparator K2. The slope of the rising
edge of the ramp generator signal is controlled by the current through Rg. This offers the
possibility of an additional, superimposed control of the output duty cycle. This additional
control capability, called »feed-forward control«, is utilized to compensate for known
interference such as ripple on the input voltage.

Phase comparator

If the component is operated without external synchronization, the sync input must be
connected to the sync output for the phase comparator to set the rated voltage at Cy;er-
The VCO then oscillates with rated frequency. In the case of external synchronization, other
components can be synchronized with the sync output. The component can be frequency-
synchronized, but not phase-synchronized, with the sync input. The duty cycle of the
square-wave voltage at the sync input is arbitrary. The best stability as to small phase and
frequency interference is achieved with a duty cycle as offered by the sync output.

Push-pull flipflop

The push-pull flipflop is switched by the falling edge of the VCO. This ensures that only one
output of the two push-pull outputs is enabled at a time.

Comparator K2

The two plus inputs of the comparator are switched such that the lower plus level is always
compared with the level of the minus input. As soon as the voltage of the rising sawtooth
edge exceeds the lower of the plus levels, both outputs are disabled via the pulse turn-off
flipflop. The period during which the respective, active output is low can be infinitely varied.
As the frequency remains constant, this process corresponds to a change in duty cycle.

Pulse turn-off flipflop

The pulse turn-off flipflop enables the butputs at the start of each half cycle. If an error signal
from comparator K7 or a turn-off signal from K2 is present, the outputs will immediately be
switched off.

Comparator K3

Comparator K3 limits the voltage at capacitance Cgopt start (@nd also at K2!) to a maximum of
+5 V. The voltage at the ramp generator output may, however, rise to 5.5 V. With a correspond-
ing slope of the rising ramp generator edge, the duty cycle can be limited to a desired
maximum value.
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Comparator K4

The comparator has its switching threshold at 1.5 V and sets the error flipflop with its
output if the voltage at capacitance Cgopt start is below 1.5 V. However, the error flipflop accepts
the set signal only if no reset pulse (error) is applied. In this way the outputs cannot be turned
on again as long as an error signal is present.

Soft start

The lower one of the two voltages at the plus inputs of K2 is a measure for the duty cycle at
the output. At the instant of turning on the component, the voltage at capacitor Cgoy start
equals 0 V. As long as no error is present, this capacitor is charged with a current of 6 pA
to the maximum value of 5 V. In case of an error, Csof start iS discharged with a current of 2 pA.
A set signal is pending at the error flipflop below a charge of 1.5 V and the outputs are enabled
if no reset signal is pending simultaneously. As the minimum ramp generator voltage,
however, is 1.8 V, the duty cycle at the outputs is actually increased slowly and continuously
not before the voltage at Cgoft start €XCeEdS 1.8 V.

Error flipflop

Error signals, which are led to input R of the error flipflop, cause an immediate disabling of
the outputs, and after the error has been eliminated, the component to switch on again
using the soft start.

Comparator K5, K6, K8, V. overcurrent load

These are error detectors which cause immediate disabling of the outputs via the error
flipflop when an error occurs. After elimination of the error, the component switches on again
using the soft start.

Comparator K7

K7 serves to recognize overcurrents. This is the reason why both inputs of the op amp
have been brought out. Turning on is resumed after error recovery at the beginning of the
next half period but without using the soft start.

Outputs

Both outputs are transistors with open collectors and operate in a push-pull arrangement.
They are actively low. The time in which only one of the two outputs is conductive, can be
varied infinitely. The length of the falling edge at VCO is equal to the minimum time during
which both outputs are disabled simultaneously.

Reference voltage

The reference voltage source is a highly constant source with regard to its temperature
behavior. It can be utilized in the external wiring of the op amp, the error comparators, the
ramp generator, or other external components.
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TDA 4718

TDA 4718 A
Maximum ratings Notes Lower Upper
limit B limit A
Supply voltage Vs —-0.3 33 Vv
Voltage at Q1, Q2 Va Q1, Q2 high -0.3 33 Vv
CurrentatQ1, Q2 Iq Q1,Q2 low 70 mA
Sync output Vsynca | SYNC Q high -0.3 7 Vv
ISYNCQ SYNC Q low 0 10 mA

Sync input Vsynci —-0.3 33 \
Input Cijter Viet -0.3 7 v
Input Ry Virt —0.3 7 Vv
Input CT Vier —-0.3 7 Vv
Input Ry ViRr —0.3 7 \Y
Input Cr I[ CR -10 10 mA
Input comparator
K2, K5, K6, K7 Vik —-0.3 33 Vv
Output K5 Vaks —0.3 33 \Y
Reference voltage Viet —-0.3 Vet Vv
Input Csort start Vi soft start —C3 7 v
Junction temperature Tj 125 °C
Storage temperature Tstg —55 125 °C
Thermal resistance (system-air)

TDA 4718 Rih sa 70 K/w

TDA 4718 A Rih sa 60 K/wW
Operating range
Supply voltage Vs 10.5 30 Y
Ambient temperature

TDA 4718 Tamb —25 85 °C

TDA 4718 A Tamb 0 70 °C
Max. VCO frequency f 40 250000 Hz
Ramp generator frequency fra 40 250000 Hz
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TCA 4718

TCA 4718 A
Characteristics Test Lower Upper
Vs=11Vto30V; conditions limitB | typ limit A
Tamb=—25°Cto+85°C
Supply current Is Cr=1nF 8 20 mA
fvco =100 kHz
Reference
Reference voltage Viet OmA<[g<5mA | 235 2.5 2.65 \Y
Reference voltage change AVig 14V £ 20% 8 mV
Reference voltage change AV e 25V £ 20% 15 mV
Reference voltage chenge AV o OmA<Ies <5mMA 15" mV
Temperature coefficient TC 0.25 0.4 mV/K
Response threshold
of I,ef overcurrent Lot 10 mA
Oscillator (VCO)
Frequency range fuco 40 100000 Hz
Frequency change Af/fyco | 14V £ 20% 0.5 %
Frequency change Af/fyco | 25V £ 20% -1 1 %
Tolerance Af/fyco | ARr=0,4Cr=0 |—7 7 %
Fall time sawtooth t Cr= 1nF 1 us
t Cy=10nF 10 us
RC combination Cr 0.82 47 nF
VCO Ry 5 700 kQ
Ramp generator
Frequency range f 40 100000 Hz
Maximum voltage at Cg M 5.5 \
Minimum voltage at Cg A 1.8 Y]
Input current through Rg Irr 0 400 pA
Current transformation ratio Ipg g 1/4
Synchronization
Sync output Vau Ign=—200 pA 4 \'
VaL IQ L=1.6mA 0.4 \
Sync input Vin 2 \'
ViL 0.8 Y
Input current -1 5 LA
Comparator K2
Input current —Iiko 2 pA
Turn-off delay?) td off 500 ns
Input voltage Vike for duty cycle
v=0 1.8 Vv
v=max \
Common-mode input
voltage range Vic 0 5.5 Vv

1) At Tamp =0°C to 70 °C, this value falls to max. 5 mV
2) At the input: step function4dV =—100 mV _~4V =+100 mV
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TDA 4718 A

Characteristics Test Lower Upper
Vs=11Vto 30V, conditions limit B typ limit A
Tamp =—25 °C t0 +85°C ’
Soft start K3, K4
Charging current for Csopt start Ich 6 HA
Discharging current for Ceotstart  Idch 2 RA
Upper limiting voltage Viim 5 Y
Switching voltage K4 Vka 1.5 \
Output stages Q1,Q2
Output voltage Van 30 \

- Vao IQ =20 mA 11 Vv
Output current Iq Vou=30V 2 pA
ON, OFF, undervoltage K6
Switching voltage v Viet—30mV Vier£30mV | V
Input current =1 2 pA
Turn-off delay time" tq oft 250 ns
Error detection time" t 50 ns
Dynamic current limitation K7
Common-made input voltage Vic 0 4 \Y
Input offset voltage Vio -10 10 mv
Input current —I 2 A
Turn-off delay time? tg off 250 ns
Error detection time?2) t 50 ns
Overvoltage K5
Switching voltage % Viet=30mV Viert30mV | V
Input current -1 2 pA
Turn-off delay time" tq off 250 ns
Error detection time? t 50 ns
Supply undervoltage
Turn-on threshold for Vg Vs 8.8 11 \%
rising 0°C<Tymp<70°C 10.5 Vv
Turn-off threshold for Vg Vs 8.5 10.5 Vv
falling 0°C<T,mp<70°C 10 v
Input Cyyie,
Rated voltage for rated frequency Vg 4 Vv
Frequency approx. proportional to
voltage within the range Vg 3 5 \
Voltage at open
sync input Ve filter 1.6 Vv

1) Atthe input: step function V,ey=—100 mV_* V,;=+100 mV
2) Atthe input: step functiondV=—100 mV .~ 4AV=+100 mV

986



TDA 4718
TDA 4718 A

Dimensioning notes for RC network

1.

Determination of the minimum time during which both outputs must be disabled
—> selection of Cy; selection of Cy < Cr.

. Determination of the VCO frequency = 2 x output frequency

—> selection of Rr.

. Determination of the rated slope of the rising ramp generator voltage, which the maximum

possible turn-on period per half wave depends on
—> selection of Rg.

. Duration of the soft start process

—> selection of Cgopt start-

. In the case of a free-running VCO: connect sync output with sync input.

. Capacitance Cyiier is Not required in the free-running operation (sync input connected

with sync output).

In the case of external synchronization, that value depends on the selected operating
frequency and the required maximum phase interference deviation.

Rated VCO frequency: 100 kHz 50 Hz
Criter favorable: 10 nF 1 uF
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Pulse diagram
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TDA 4718

TDA 4718 A
VCO frequency versus Rt and Ct
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TDA 4718

TDA 4718 A
VCO temperature response
Vs =12V, r=max.
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Integrated Circuits for Consumer Applications

*See Consumer Data Book or contact
your local Siemens Representative.
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