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Thesis Pulse and Switching Circuit Demonstrator on Computer
Students Mr.Nakrop ChumArrom
Mr.Wichien Pituphoomnuraks

Mr.Anantapad Anantachai

Mr.Anon Toanan
Advisor Mr.Piya Supavarasuwat
Co-Advisor Mr.Amornchai Chaichana
Education Level Bachelor of Science in Industrial Education
Program in Telecommunication Engineering
Acadamic Year 1998
ABSTRACT

Thesis present the project of Pulse and Switching circuit Demonstrator on computer,
which consists of demonstrated board and interface card, is connected between demonstrated
board and computer. The interface card converts analog signal, from demonstrated board, to be
digital signal input for computer to process according to command program. Computer monitor
displays demonstrated circuit, step of the demonstrated operation, wave from and review
question.

This Pulse and Switching circuit Demonstrator on computer can be used for learning and
teaching in Pulse and Switching circuit subject of Vocational Certificate education level very

well.
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a a P 1 Y . . . -
1995 DURNT IR DS NUMAIANING1) (Long Time Constant in RC Integrater Circuits)
#91493 RC NAARINamINATIA PW Tastndsmualdninndl 10 i Ao RC i1fiv 10
&y [ A a ] o ot e [

Pw jinduduesnszilugladumnumaon  uavniaveusauziindinanves E 1in
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(R) ANIAAIA0T (Long Time Constant)
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Time/Div Volt/Div

519 2.3 (v) Foygat Viniag Vout iiiaaud 1unuminy 10 kQ

Time/Div Volt/Div

517 2.3 (1) Ay o Vinuaz Vout WoanuAumumiIiy 100 kQ
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1. 1esdagUaduduauiuueynsy (Negative Series Clipper) 1i1a993dagilaaudiu

Y 9y ¥ Yy oo 9 9y 9 Y =
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o/ ar by 9 o 1 ar 9 9/
AU E YU1AUSIAUATHIBANIATUUINTA WY +(E - VE) LaguuIausadufuesnnianiy
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3.1 (n)

2. 13dagUAduMULINUUVBYNI (Positive Series Clipper) Aauaaalugd 3.1 (v)
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f‘:'][H— D1 R ﬂﬂ,‘,_\_ Oueut
O I -(Is x R1)

(N) Nagative Series Clipper

(Is x R1)

Ve
o)
U Output

D1
inputI —]—,- R1 W

«(E-V)

(¥) Positive Series Clipper
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Clipper circuit
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N
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«E- loRl
(V) positive shunt clipper
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‘b lo
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Output
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(M) Riased diode shunt clipper
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(V) Zener shunt clipper
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Time/Div Volt/Div

=b.
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3.6 YYD Vin LAg Vout ¥892995113NAADITD 1.1
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2.1 Apeasawgili 3.7
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Vi IN4148 Vout
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U 3.7 199smInanesde 2.1
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1. 29UAAIITNITAUINUUTIAUVIDDAMIULIN (+V) LAZUTIAUBENAIGA (-V) YD

nvsnaaeslugln 3.4 G 3.7

1.1 Ai1UIM995 (3.4)

1.2 14282995 (3.5)

1.3 ATUININ95 (3.6)

1.4 AMUIUIN0S (3.7)

Vout (¢’hu +V)
Vout (A14 -V)

Vout (AU +V)
Vout (AU -V)
Vout (¢’ﬁu +V)
Vout (A1 -V)
Vout (AU +V)

Vout (M4 -V)
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ASNAaBIN 4
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2993unaNi (Clamp Circuit)
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2903unanil (Diode Clamp circuits) A9 miﬁmmmcﬁaizﬁuusaﬁumaﬁnmﬂnmt%
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voausadud lulfeouuas dmsuassunauilduay (Negitve Voltage Clamper) #3119
Tugy 4.1(n) Twasesdsznoudas @afiuilszy c1 lalen DI uaz@adumu RI uagaees
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2sunaniliifiluned (Biased Clamper Circuits) #9 2995 R N3 0AT 52 RULIIEY
Anvaniideamaiu 2eslugd 42 () funlsaves DI sefuumassyias el lunea
(VB) =2 v 2005 iuasesffussduuseduay Fad lifiundasrelunen Vo sziidu VE e
soundatreluned dagl 4.2 (M) ussdu Vo quega = VB+VF vuavasusaduauiigaie

-(2E-VB-VF)
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E-V;
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c1
* <
Ve ¥D1 S R1
v

f—0 '“_E

(n) Negative Voltage Ciamper

E-V;
> e
1€ 0
C1
4 :
Ve ¥D1 SR1
v

— —

(v) Positive Voltage Ciamper
311 4.1 2995unauilndi Tuneauuy Negative 1oz Positive

11031 4.2 (N) usedUaUAIUBEN = - (E+(E-2V-VF)

Vo = -(2E-2V-VF)

A3 wWunINgoniweafidueen = ussRugegAdIULIN - useRugIgAR LAY
= (2E+VF) - (-(2E-2V-VF))

= 2E

o ¥ o = 1 = ;’,’
vsunauiamuiniiluues uanaluzdd 4.2 (v) A199102995 4.2 (A) ATIves CI

uazn1sne lalon DI

vC -(E) - (2V-2VF)

-(E+2V-VF)
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= E+E2V-VF

= 2E+2V-VF
= 2E

AT Vo frga = 2V-VF

VC=(E-2V-V,)
_)l V¢ '(—
o {— 0
C1 Output

D1 J_
2RI v [T vyt

_+

-(2E-2V-V,.)

() Circuit to Ciamp Output at Approximately + 2 V Maximum

VC=(E+2V- V) / +(2E+2V-V
Output —f)-
° 2E
o 4
$R1 +2V iT V-V

(v) Circuit to Ciamp Output at Approximately + 2 V Minimum

~ ot . ..
311 4.2 299sunaud AT Tunemiuy Negative was Positive
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Ve = (E-VZ-VF)
Ve(geqa) = VZ+VF
Vo(f1ga) = -(2E-VZ-VF)

112995 43 () dunsunauivndiluwea Tesldduedlalonnld Iasss

A [ d' ] = o Y
lalen DI mMloU9IAIgUN 4.2 (V) uazeous TuavesFiues D2 Whduue Tuaves D1 lu

v

NIl
Ve = -(E-VZ-VF)
Vo(giga) = +(2E-VZ-VF)
Vo(dga) = -(VZ+VF)
_)l Ve |<__
2 O
+E
¥D1
Input ¢-f--J--fo-f-- R1
L ®D2
-E

. | .
i X2e VANV

() Circuit to Clamp Output at Approximately + Vz Maximum
Ve=(E-V V)
_)l Ve |<__
o——¢

C1

I

(v) Circuit to Clamp Output at Approximately - Vz Minimum
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WV; 1N4148ﬁf

gﬂﬁ 4.5 21995MINARBINE 1.5 (Biased Positive Clampler)
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1N4148  Vout
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3 (Vce - IcoRe)
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e_
Input Ci T
T Rsp dutput Vo
_\4' input l || ‘ l

b e X o N
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— *——o -
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I— == Res Output Vo
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(V) Inverter with a sine wave input
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Introduction

The B033 is a funcion generator capable of produang sine.
square, irizngutar, sawtoom and puise waveforms {some at
the same time). Since its introduction, marketing and appti-
cation engineers have b2en manning the phones explaining
the care and feeding of the 8038 to customers worldwide.
This experience has enabled us 1o form articulate responsas
10 the mwst frequently zsked questions. So, with gatz sheet
and breagooaro in kand, read on and be enlightened,

Question 1

1 want to sweep the lrequency externally but can only get a
range of 10Q2:1 (or 50:1. or 10:1). Your cCata sheet says
1060:1. How much sweep range can | expect?

Answer

Lers look at what detennines the output {requency. Sian ty
examining the Crauxt schematic at pin 8 in the upper kit hand
comer. From pin 8 1o pin 5§ we have the emiter-base cf NPN
Cy and te emnerdsse of PNP Qp. Since these two diode
crops cancal each gther (approximately), the potenual at pins
8. 5. and 4 are Me same. This means that the voitage from V+
10 pin 8 s e same as e voltage acress external resistors
Ra and Rg. This 5 a textook example of a voitage across
wo resisiors which produce two currents to charge and dis-
charge a capacior between two fixed voftages. This is also 2
knear syswem. I the volage acress the resistors is dropped
from 10V o 1V, the frequency will drop by 10:1. Changing
from 1V 1o 0.1V will also change the frequency by 10:1.
Therefore, by causing e voliage across the external resis-
10rs to change from say 10V 1o 10mV, the frequency can te
made to vary et leasi 1000:1. There are, however, several fac-
tors which make this farge sweep range less than iceal.

Question 2

You say | can vary he vorage on pin 8 (FM sweep inpu1) to
get this large range, y2t when | short pin 8 to V+ {pin 6), the
rafio is onty around 100:1.

Answer

This is often tue. With pin 8 shorted 10 V+, a cneck on Me
potennals across the extemnal Ry and Rg wiil show 100mV
or moce. This is due 10 the Vgg mismatch between Qy and
Q5 (also Q4 and Qq) because of the geomemes and cument
levels invotved. Therefore, 1o get smaller voltages across
these resrstors, pin 8 must be raised above V+,

Question 3
How can | raise pin 8 above V+ without a separate power

supply?
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::ve/ym/ng You Always Wanted to Know

About the /CL8038

Auwthor: Bill O'Nedl

Aaswer

First of 2. the voltage ditierence need only te a few hundrec
millvoss so there is no danger of camaging the 8038. One
way 1o get this higher potental is to lower the supply voltage
on the 8038 and external resistors. The simplest way 16 Gc
this is 10 include a diode in series with pn 6 and resistors R 5
2na Ra. See Figure 1. This technique shouid increase the
sween range to 1000:1.

asv
W INeST
K 0.1uF Toury
'1 CYCLE
15
axt ™ e
Re K
R
t
s P
9 It
100K <
FREQUENCY > ]
L0G POT | l_ M

10 ol N

DISTORTION
T QOOKTuF 100K

-5V

FIGURE 1. VARIABLE AUDIO OSCILLATOR, 29H: TO 20kHz

Quesiion 4

O.K. row [ can get a large frequency range, but ! notce Mat
ine cuty cycle and hence my distortion changes at the (ow-
251 recuencies.

Answer

This s caused party ty a shght diterence in the Vgges of o
ang Ca. In tying to manufacture two idenacal Lansistors, it s
rct uncommon to get Ve ditierences of several miliivoits or
more. In e siandard 8038 connecton wath pins 7 and 8 con-
reciad togeter, there are several volts across R4 and Rg anc
Sis smail mismatch is negligible. However, in a swept moca
with $e voltage at pin § near V+ and only tens of mulivols
actoss Ry and Rg, the Vgg mismatch causes a larger ms-
maxch In chargng cuments, hence the duty cycle changes. For
lowest cistorbon then, it is advisable to keep e mimimum
vorage across Ry and Rg around 100mV. This would of
course, imd e frequency swees range to around 100:1.
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HI3306

Small Outline Plastic Packages (SOIC)

Fezeon O 0]

-—— T

/ .

7/~~~

8 —»|

[$]o2s000@]c [A®[e®]

NOTES:
1. Symbols are defined in the "MO Series Symbol List™ in Section 2.2 of
Publication Number 95.

2. Dimensioning and 1olerancing per ANSI Y 14.5M-1982.

3. Dimension "D does not include mold flash, protrusions or gate burrs,
Mold flash, protrusion and gate burrs shall not exceed 0.15mm (0.006
inch) per side.

. Dimension "E" does notinclude interdead flash or protrusions. Intertead
flash and protrusions shall not exceed 0.25mm (0.010 inch) per side.

. The chamfer on the body is optional. If it is not present, a visual index

feature must be located within the crosshaiched area.

“L" is the length of terminat for soldering to a substrate.

“N" Is the number of terminat positions.

Termminal numbers are shown for reference only.

. The lead width “B", as measured 0.36mm (0.014 inch) or greater

above the sealing plane, shall no! exceed a maximum value of

0.61mm {0.024 inch)

Controlling dimension: MILLIMETER. Converted inch dimensions

are not necessarily exact.

r

(5

© e N

-
o

M20.3 (JEDEC MS-013-AC ISSUE C) .
20 LEAD WIDE BODY SMALL OUTUINE PLASTIC PACKAG

INCHES MILLIMETERS
sympoL | miN | max MIN MAX | NOTES

A 0.0926 | 0.1043 | 235 265 -
IX) 0.00¢0 | 0.0118 | 0.10 0.30 .
8 0.013 [ o0.0200 { 0.33 0.51 9
c 0.0051 | 0.0125 | 023 0.32 -
D 0.4961 | 0.5118 | 12.60 [ 13.00 3
3 02914 | 02992 | 7.40 7.60 4
e 0.050 BSC 1.27 BSC -
H 0.394 | 0419 | 10.00 { 1065 .
h 0.010 | 0.029 0.25 0.75 3
L 0.036 | 0.050 0.40 1.27 6
N 20 29 7
o 0° 8° © | e -

Rev. 0 12/93
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HI3306

Dual-In-Line Plastic Packages. (PDIP)

Ao _
( 151
INDEX _-.

— N2
AREA 23 _&l
Lo——' €

pase 7
PLANI
\ = s
SEATING
PuNE‘l l— L €
D1 §
- T A ! l"‘@"‘”
e1 i -~ ec-=| Com

e &omo(czﬂ@fﬂ‘l“@] T

NOTES:
1. Controlling Dimensions: INCH. in case of conflict between English and
Metric di ] the inch di ions control.

2. Dimensloning and folerancing per ANSI Y14.5M-1982,

. Symbols are defined in the *MO Series Symbol List™ in Section 2.2 of
Publication No. 95.

. Dimensions A, A1 and L are measured with the package seated in
JEDEC seating plane gauge GS-3.

. D, D1, and E1 dimensiens do not include mold flash or protrusions.

Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).

Eand are measured with the leads constrained 1o be perpendic-

ular to datum .

eg and ec are measured at the lead tips with the leads unconstrained.

ec must be zero or greater.

8. B1 maximum dimensions do not include dambar protrusions. Dambar
prolrusions shall not exceed 0.010 inch (0.25mm).

. N is the maximum number of terminal positions.

10, Comerleads (1, N, N/2 and N/2 + 1) for £8.3, E16.3, E18.3,E28.3,

E42.6 will have a B1 cimension of 0.030 - 0.045 inch (0.76 - 1.14mm).

(2]

A

wn

o

N

E18.3 (JEDEC MS-001-BC ISSUE D)
18 LEAD DUAL-IN-LINE PLASTIC PACKAGE

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX 1 NOTES
A - 0.210 - 533 4
Al 0.015 - 0.39 - 4
A2 0.115 0.195 2,93 4.95 -
8 0.014 0.022 0.356 0.558 -
B1 0.045 0.070 1.15 177 8.10
[ 0.008 0.014 0204 0.355 -
0 0.845 0.880 | 21.47 22.35 5
D1 0.005 - 0.13 - 5
E 0.300 0.325 7.62 825 6
3] 0.240 0280 6.10 7.1 5
e 0,100 BSC 2.548SC .
ep 0.300 BSC 7.628SC 6
eg - 0.430 - 10.92 7
L 0.115 0.150 293 3.81 4
18 18 9
Rev. 01293
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RATED TO ACCEPT VOLTAGES
UP TO 15V).

HI3306
Appl/'cation Circuits (continved) .
BINARY
ADDER
- B12
B6+0
R NO. 1 T
SMH, Viy &BIT 1 B85+0 '
FLASH a1 t B4s0 1
ADC N B3+0 1
B2+0 [l
81+87 '
l | '
86 |
LR
. -
- " seoac '
3 N (12:8IT ACCURACY) '
i t
N o |
1
NO.2
l/ 6-BIT : B1
FLASH | g ——
ADC .
87
NO.3 '
BT | 95 |
FLASH 0
ADC B1 1
CONTROL
LOGIC
FIGURE 19. TYPICAL HI3306, 800ns, 12-BIT ADC SYSTEM
sV v H13306 v
oo oo HI3306 INPUT
4 TYPICAL FOR:
10 9 cLK HI3306
- i)
K-~ --& 50k
H13306 INPUTS . v — AAA——
TYPICAL FOR:
>" Wy 0.01uF
PHASE > | .01y
TET } N
cez £----% : o
7406 74LS04
OPEN COLLECTOR DRIVER
H13306 OUTPUTS
TYPICAL FOR: H13306 VYoo
o1 ’:} sv
82 1 CD74HC 4049 (INV.), OR
B3 CD74HC4050 (NON-INV.), OR
B4 ANY LOW POWER SCHOTTKY
85 TTL WITH HIGH INPUT VOLTAGE
32 RATING (MANY LS DEVICES ARE
1

FIGURE 20. 5V LOGIC INTERFACE CIRCUIT FOR Vpp > 5.5V
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HI3306

Application Circuits (continved) ~

cLocK
INPUT

ADJUST POT
T0 ', vy

(MSB)
86
I__ 86 BS Bs
ve oF B4 B4
DATA
l f Ves RC ). oauF ¢ OUTPUT
P = HI3306 _I_
vy 83 83
cez2 .2 62
(Lse)
—L—. Tet 81 81
— Ve
ek Voo
EMHF 1uour
—| PH - =
L Vin
T Veer+ VREF
Q.1uF l
| 86 BS
OF
B4
. HI3306
RC
Vss
| .110.“]‘:
= |v
ve z B3| —
O—meel CE2
B2
CEl
B1
cLK
Ve
lo.zpr lw;.r
v — —
* P v = = NOTE:
o— I Vpp MUST BE 2 V3 FOR CIRCUIT TO WORK
v WITH Vz CONNECTED TO Vpgr+
REF"
w | L s
- N
Q.1uF

if|—r

FIGURE 18. TYPICAL HI3306 6-BIT RESOLUTION CONFIGURATION WITH DOUBLE SAMPLING RATE CAPABILITY
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HI3305
Application Circuits .
i OF
87
(MsB)
86
L 86 85 BS
oF B4 B4 | pata
Ve ¢ OUTPUT
S 1w e
‘: Vs ] o0.1pF
? L HI3306 I
vz B3 B3
B2
cLOCK ce2 B2
INPUT {LEB)
= Ve
o Ve fp——1—
02yF T 104F
—L—. PH = -
— Vin
v, VREF-
0.1uF _:IL'_ nere RS
J
ADJUST POT =
T0 vy 86 85
OF B4
HI3306
RC
v
I s } 0.1uF
'8 = | V2 =
CE2 83
CET 82
cLK Bt
Voo —l———l——o
0.2uF T 104F
PH v = = NOTE:
E‘ N Vpp MUST BE 2 Vz FOR CIRCUIT TO WORK
= v WITH Vz CONNECTED TO Vagg+
- REF* ‘j—
Vagr+ L SIGNAL .
Re = INPUT

= 0.1pF

FIGURE 17. TYPICAL HI3306 7-BIT RESOLUTION CONFIGURATION
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H!3306

verter. The three-state outputs of the twp devices (bits 1
through 6) are now connecied in parallel to complete the
circuitry.

Doubted Sampling Speed

The phase control and both positive and negative true chip
enables allow the parallel connection of two HI3306s lo
double the sampling speed. Figure 18 shows this configu-
ration. One converter samples on the positive phase of the
clock, and the second on the negative. The outputs are
aiso alternately enabled. Care should be laken to provide a
near square-wave clock it operating at close to the maxi-
mum clock speed for the devices.

8-Bit to 12-Bit Conversion Techniques

To obtain B-bit to 12-bit resolution and accuracy, use a
feed- forward conversion technique. Two A/D converters
will be needed to convert up to 11 bits; three A/D convert-
ars to convert 12 bits. The high speed of tha HI3306 allows
12-bit conversions i the 500ns to 900ns range.

The circuit diagram of a high-speed 12-bit A/D converter is
shown in Figure 18. In the feed-forward conversion method
two sequential conversions are made. Converter A first
does a coarse conversion to 6 bits. The output is applied to
a 6-bit D/A converter whose accuracy level is good to 12
bits. The D/A converter oulput is then subtracted from the
input voltage, multiplied by 32, and then converted by a
second Rash A/D converter, which is connected in a 7-bit
configuration. The answers from the first and second con-
versions are added together with bit 1 of the first conver-
sion overlapping bit 7 of the second conversion.

When using this method, take care that;
* The linearity of the first converter is better than 112 LsB.

= An offset bias of 1 LSB (1/64) Is subtracted from the first
conversion since the second converter is unipolar,

* The D/A converter and its reference are accurate to the
total number of bits desired for the final conversion (the A/D
converter need only be accurate to 6 bits).

The first converter can be offset-biased by adding a 200
resistor at the bottom of the ladder and increasing the reference
wvoltage by 1 LSB. If a 6.4V reference is used in the system, for
example, then the first HI3306 will require a 6.5V reference.

Definitions

Dynamic Performance Definitions

Fast Fourier Transform (FFT) techniques are used to evaluate
the dynamic performance of the converter. A low distortion sine
wave is applied to the input, it is sampled, and the output is
stored in RAM. The data is then transformed into the frequency
domain with a 4096 point FFT and analyzed o evaluate the
dynamic performance of the A/D. The sine wave input o the
part is -0.5dB down from full scale for all these tests.

Signal-to-Noise (SNR)

SNR is the measured RMS signal to RMS noise 3t a
specified input and sampling frequency. The noise is the
RMS sum of all of the spectral components except the
fundamental and the first five harmonics.

Signal-to-Noise + Distortion Ratio (SINAD)

SINAD is the measured RMS signal to RMS sum of all
other spectral components below the Nyquist lrequency
excluding DC.

Effective Number of Bits (ENOB)

The effective number of bits (ENOB) is derived from the
SINAD data. ENOB is calculated from:

ENOB = (SINAD - 1.76 + Vcopp)/6.02,
where: Voopp = 0.5dB.

Total Harmonic Distortion (THD)

THD is the ratio of the RMS sum of the first 5 harmonic
components to the RMS value of the measured input
signal.

Operating and Handling Considerations

HANDLING

All inputs and outputs of Harris CMOS devices have a net-
work for electrostatic protection during handling. Recom-
mended handling practices for CMOS devices are
described in AN6525. “Guide to Better Handling and Oper-
ation of CMOS Integrated Circuits.”

OPERATING

Operating Voltage

During operation near the maximum supply voltage fimit,
care should be taken to avoid or suppress power supply
turn-on and turn-off transients, power supply ripple, or
ground noise; any of these conditions must not cause
Vpp - Vss to exceed the absolute maximum rating.

Input Signals

To prevent damage 1o the input protection circuit, input sig-
nals should never be greater than Vpp nor less than Vgs.
Input currents must not exceed 20mA even when the power
supply is off. The Zener (pin 4} is the only terminal allowed
to exceed Vpp.

Unused Inputs

A connection must be provided at every input terminal. Al
unused input terminals must be connected to either Vpg or
Vss. whichever is appropriate.

Output Short Circuits

Shorting of outputs to Vpp or Vgg may damage CMOS
devices by exceeding the maximum device dissipation.
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signal-source impedance should be kept low. however,
when operating the HI3306 at high clock raies.

The HI3306 outputs a short {less than 10ns) current spike
of up 10 several mA amplitude {See Tvpical Performance
Curves) at the beginning of the sample phase. (To a lesser
extent, a spike also appears at the begirning of auto bal-
ance.) The driving source must recover from the spike by
the end of the same phase. or a loss of accuracy will result.

A locally terminated 500 or 750 source is generally
sufficient to drive the HI3306. If gain is required, a high
speed, fast setlling operational amplifier, such as the
HA-5033, HA-2542, or HA5020 is recommended.

Digital Input And Output Interfacing

The two chip-enable and the phase-control inputs are
standard CMOS units. They should be driven from less
than 0.3 x Vpp to at least 0.7 x Vpp. This can be done
from 74HC series CMOS (QMOS), TTL with pull-up resis-
tors, or, if Vpp is greater than the logic supply, open collec-
tor or open drain drivers plus pull-ups. (See Figure 20.)

The clock input is more critica! 1o timing variations, such as 1
becoming too short, for instance. Pull-up resistors should gen-
erally be avoided in favor of active drivers. The clock input
may be capacitively coupled, as it has an internal 50kQ feed-
back resistor on the first buffer stage, and will seek its own trip
point. A clock source of at least 1Vpp is adequate, but
extremely non-symmetrical waveforms should be avoided.

The output drivers have full rail-to-rail capability. If driving
CMOS systems with Vpp below the Vpp of the HI3306, a
CD74HC4050 or CD74HC4049 should be used to step down
the voltage. If driving LSTTL systems, no step-down should
be necessary, as most LSTTLs will take input swings up to
10V o 15V,

Although the output drivers are capable of handling typical
data bus loading, the capacitor charging currents will pro-
duce local ground disturbances. For this reason, an exter-
nal bus driver is recommended.

Increased Accuracy

In most cases the accuracy of the HI3206 should be suffi-
cient without any adjustments. In applications where accu-
racy is of utmost importance, three adjustments can be
made to obtain better accuracy; i.e.. offset trim, gain trim,
and midpoint trim.

Offset Trim

In general offset correction can be done in the preamp

circuitry by introducing a DC shift to Vi or by the offset trim

of the operational amplifier. When this is not possible the

VReF input can be adjusted to produce an offset trim. The- -

theorehcal input voltage to produce the first transmon is
12 LS8. The equation is as follows:

Vin (0 to 1 transition) = Y LSB = 1/5(Vage64)
= VREF/ 128.

1t Vi for the first transition is less than the theoretical, then
2 single-turn 50() pol connected between Vrer- and

ground will accomplish the adjustment. Set Vjy to ‘/2 LSB
and trim the pot until the 0 to 1 transiiion occurs.

If Vipg for the first transition is greater than the theoretical,
then the 50Q pot should be connected between VRer and
a negative voltage of about 2 LSBs. The trim procedure is
as stated previously.

Gain Trim

In general the gain trim can also be done in the preamp
circuitry by introducing a gain adjustment for the opera-
tional amplifier. When this is not possible, then a gain
adjustment circuit should be made to adjust the reference
voltage. To perform this trim, Vjp should be set to the 63 to
overflow transition. That voltage is 1/2 LS8 less than Vaes+
and is calculated as foliows:

Vin (63 to 64 transition) = Vger - Vaee/128

= VRer(127/128)

To perdorm the gain trim, first do the offset trim and then
apply the required Vi for the 63 to overflow transition. Now
adjust Vrep+ until that transition occurs on the outputs.

Midpoint Trim

The reference center (RC) is available to the user as the
midpoint of the resistor ladder. To trim the midpoint, the off-
set and gain trims should be done first. The theoretical
transition from count 31 to 32 occurs at 311/, LSBs. That
voltage is as follows:

Vin (31 to 32 transition) = 31.5 (VReg/64)
= VRer(63/128)

An adjustable voltage follower can be connected to.the RC
pin or a 2kQ pot can be connected between VRer+ and
VRer- with the wiger connected to RC. Set Vyy to the 3t to
32 transition voltage, then adjust the voltage follower or the
pot until the transition occurs on the output bits.

The Reference Center point can also be used to create
unique transfer functions. The user must remember, however,
Ihat there is approximately 1200 in series with the RC pin.

Applications

7-Bit Resolution

To obtain 7-bit resolution, two HI3306s can be wired logether.
Necessary ingredients include an open-ended !adder
network, an overflow indicator, three-state outputs, and chip-
enabler controls - all of which are avaitable on the HI3306.

The first step for connecting a 7-bit circuit is to totem-pole
the ladder networks, as illustrated in Figure 17. Since the
absolute resistance value of each ladder may vary, external
trim of the mid-reference voltage may be required.

The overflow output of the fower device now becomes the
seventh bit. When it goes high, all counts must come from
the upper device. When it goes low, all counts must come
from the lower device. This is done one simply by connecting
the lower overflow signal to the CET control of the fower
A/D converter and the CE2 control of the upper A/D con-
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HI3306

Device Operation .

A sequential parallel technique is used by the HI3306 con-
verter to obtain its high speed operation. The sequence
consists of the “Auto Balance” phase o1 and the “Sample
Unknown™ phase 02. (Refer to the circuit diagram.) Each
conversion takes one clock cycle (see Note). With the
phase control low. the “Auto Balance® (o1) occurs during
the High period of the clock cycle. and the “Sample
Unknown" (¢2) occurs during the low period of the clock
cycle.

During the “Auto Balance” phase, a transmission-gate
switch is used to connect each of 64 commutating capaci-
tors to their associated ladder reference tap. Those tap
voltage$ will be as follows:

Vyap (N) = [(VRer/64) x N] - [VRge/(2 x 64)},
= VRer((2N - 1)/126),

Where: Vqpp (N) = reference ladder tap voltage at point N,
VREF = voltage across Vpgp- to VRer+.
N = tap number (I through 64).

NOTE: This device requires only a single-phase clock. The
terminology of ¢1 and o2 refers to the High and Low periocs of the
same clock.

The other side of the capacitor is connected o a single-
stage inverting amplifier whose output is shorted to its input
by a switch. This biases the amplifier at its intrinsic trip
point, which is approximately, (Vpp - Vgg)/2. The capaci-
tors now charge to their associated tap voltages, priming
the circuit for the next phase.

In the “Sample Unknown" phase, all ladder tap switches are
opened, the comparator amplifiers are no longer shorted, and
Vi is switched to alt 64 capacitors. Since the other end of the
capacitor is now fooking into an effectively open circuit, any
voltage that differs from the previous tap voltage will appear
as a voltage shift at the comparator amplifiers. All compara-
tors whose tap voltages were lower than Vi will drive the
comparator outpuls o a “low” state. All comparators whose
tap voltages were higher than Vi will drive the comparator
outpuls to a *high” state. A second, capacitor-coupled, auto-
zeroed amplifier further amplifies the outputs.

The status of ail these comparator amplifiers are stored at
the end of this phase (¢2), by a secondary latching ampli-
fier stage. Once latched, the status of the 64 comparators
is decoded by a 64-bit 7-bit decode aray and the resulls
are clocked into a storage register at the rising edge of the
next 62.

A three-state buffer is used at the output of the 7 storage
registers which are controlled by two chip-enable signals.
CET will independently disable B1 through B6 when it is in
a high state. CE2 will independently disable B1 through 86
and the overflow buffers when itis in the low state (Table 1).

To facilitate usage of this device a phase-contro! input is
provided which can effectively complement the clock as it
enters the chip. Also, an on-board Zener is provided for use
as a reference voltage.

Continuous Clock Operation

One complete conversion cycle can be traced through the
HI3306 via the following steps. (Refer to liming diagram,
Figure 1.) With the phase control in a “High" state, the ris-
ing edge of the clock input wifl start a “samole” phase. Dur-
ing this entire “High" state of the clock, the 64 comparators
will track the input voltage and the 64 latches will track the
comparator outputs. At the falling edge of the clock, after
the specified aperture delay, all 64 comparator outputs are
captured by the 64 latches. This ends the “sampte” phase
and starts the “auto balance” phase for the comparators,
During this “Low™ state of the clock the output of the latches
propagates through the-decode array and a 7-bit code
appears at the D inputs of the output registers. On the next
rising edge of the clock, this 7-bit code is shifled into the
output registers and appears with time delay to as valid
data at the output of the three-state drivers. This also
marks the start of a new “sample” phase, thereby repeating
the conversion process for this next cycle. *

Pulse Mode Operution

For sampling high speed nonrecurrent or transient data, the
converter may be operated in a pulse mode in one of three
ways. The fastest method is to keep the converter in the
Sample Unknown phase, ¢2, during the standby state. The
device can now be pulsed through the Auto Balance phase
with a single pulse. The analog value is captured on the
leading edge of ¢1 and is transferred into the output regis-
ters on the trailing edge of ¢1. We are now back in the
standby state, 62, and another conversion can be started,
but not later than Sus due to the eventual droop of the com-
mutating capacitors. Another advantage of this method is
that it has the potential of having the lowest power drain.
The larger the time ratio between ¢2 and o1, the lower the
power consumption. (See Timing Waveform, Figure 3.)

The second method uses the Auto Balance phase, ¢1, as
the standby state. In this state the converter can stay
indefinitely wailing to start a gonversion. A conversion is
performed by strobing the clock input with two 92 pulses.
The first pulse starts a Sample Unknown phase and cap-
tures the analog value in the comparator latches on the
trailing edge. A second ¢2 pulse is needed lo transfer the
data into the output registers. This occurs on the leading
edge of the second pulse. The conversion now takes
slightly longer, but the repetition rate may be as slow as
desired. The disadvantage to this method is the higher
device dissipation due to the low ratio of 02 to ol. (See
Timing Waveform, Figure 3B.)

For applications requiring both indefinite standby and low-
est power, standby can be in the ¢2 (Sample Unknown)
state with two ¢1 pulses to generate valid data (see Figure
3C). Valid data now appears two full clock cycles after
starting the conversion process.

Analog input Considerations

The HI3306 input .terminal is characterized by a small
capacitance (see Specifications) and a small voltage-
dependent current (See Typical Performance Curves). The
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HI3306
Pin Descriptions .
PIN NUMBER '
PDIP soic NAME DESCRIPTION
1 1 B6 Bit 6, Output (MSB).
2 2 OF Qverflow, Output.
3 3,4 Vss Digital Ground.
4 5 Vz Zener Reference Output.
5 6 CE2 Three-State Qutput Enable Input, Active Low. See Table 1.
6 7 CE1 Three-State Output Enable Input, Active High. See Table 1.
7 8 CLK Clock input,
8 9 Phase Sample dock phase controt input. When PHASE is low, “Sample Unknown® occurs
when the dock is low and “Auto Balance" occurs when the clock is high (see text).
9 10 VRzg+ Reference Voltage Positive Input.
X 10 11 Vaer- Reference Voltage Negative Input.
11 12 Vin Analog Signal Input.
12 13, 14 Vpo Power Supply, +5V.
13 15 B1 Bit 1, Output {LSB).
14 16 B2 Bit 2, Output.
15 17 B3 Bit 3, Output.
s 16 18 REF(CTR} Reference Ladder Midpaint.
17 19 B4 Bit 4, Output.
18 20 BS 8it 5, Output.
TABLE 1. CHIP ENABLE TRUTH TABLE
CE1 CE2 B1-B6 OF
4} 1 Valid Valid
1 1 Three-State Valid
X 0 Three-State Three-State
X = Don'tcare
TABLE 2. QUTPUT CODE TABLE
(NOTE 6)
INPUT VOLTAGE BINARY OUTPUT CODE (LSB)
Vaer  Vrer  VRer  VRer
6.40 5.2 4.80 320 DECIMAL
CODE DESCRIPTION v) v) ) vy |OoF B BS B4 B3I B2 BI COUNT
Zero 0.00 0.00 0.00 0.00 0 0 [0} [0} [} [} 0o [0}
1LS8 0.10 0.08 0.075 0.05 [} [} [} 0 [} 0 1 1
2LSB 0.20 0.16 0.15 0.10 [} 0o [} [0} [} 1 0 2
‘Iz Full Scale - 1LS8 3.10 2.48 2.325 1.55 [} [} 1 1 1 1 1 31
112 Full Scale 3.20 2.56 2.40 1.60 [0} 1 0 [0} [0} [0} [0} 32
1I;_, Full Scale + 1LSB 3.30 264 2475 1.65 0 1 ] [} 0o [0} 1 a3
Full Scale - 1 LSB 6.29 4.96 4.65 3.10 [0} 1 1 1 1 1 [0} 62
Full Scale 6.30 5.04 4.725 3.15 [0} 1 1 1 1 1 1 63
Overflow 6.40 512 4.8C 3.20 1 1 1 1 1 1 1 127

NOTE:

6. The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage.
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HI3306
Typical Performance Curves (Continued)
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HI3306
Typical Performance Curves (Continued)
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HI3306
Timing Waveforms .
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HI3305

Electrical Specifications

Ta = 25%C, Vppr= 5V. VRep+ = 4.8V. Vgg = Vpzz- =

GND. Clock = 15MH2 Square Wave for

HI3306XXX/15, 10MH2 for HI3306XXX/10 (Continued)

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
2Zener Temperature Coefficient - 0.5 - mv/oC
REFERENCE INPUTS
Resistor Ladder impedance ] 550 I 1100 I 1550 l 0
DIGITAL INPUTS
Maximum Vi, Logic 0 All Digital Inputs {Note 5) - - 0.3xVpp \Y
Maximum Vg, Logic 1 All Digital Inputs (Note 5) 0.7x Vpp - - v
Digital input Current Except CLK, Vi = 0V, 5V - Eal 5 pA
Dighal Input Current CLK Only - 2100 2200 pA
DIGITAL OUTPUTS
Digital Output Three-State Leakage Vouyt =0V, sV - *1 5 pA
Digital Output Source Current VouTt = 4.6V -1.6 - - mA
Digital Output Sink Current Voyt = 0.4V 32 - - mA
TIMING CHARACTERISTICS
Auto Balance Time (01) HI3306XXX/10 50 - oa ns

HI3306XXX/15 33 - oo
Sample Time (02) HI3306XXX/10 (Note 5) 33 - 5000 ns
HIZ306XXX5 | 2 - 5000 ns
Apenure Delay - 8 - ns
Aperture Jitter - 100 - psp.p
Output Data Valid Delay, tg ~ HI3306XXX/10 - 35 50 rs
HI3306XXX/1S - 30 40 ns
Output Data Hold Time, 14 {Note 5) 15 25 - ns
Output Enable Time, tgy - 20 - ns
Output Disable Time, i - 15 . ns
POWER SUPPLY CHARACTERISTICS
Ipp Current, Refer to Figure 4 HI3306XXX/10 Continuous Conversion (Note 5) - 1 20 mA
HI3306XXX/1S - 14 25 mA
fpp Current Coatinuous 61 - 75 15 mA
NOTES:

2. OFFSET ERROR is the difference between the input voltage that causes the 00 to 91 output code transition and (VReg + - VRer /128,
3. GAIN ERROR is the difference the input voltage that causes the 3F g to overflow output coce transition and (Ve + - VRep-) x 127/128.
4. The total input voltage range, set by VReg+ and VRe g+, may be in the range of 1to (Vpn + 1) V.
S. Parameter not tested, but guaranieed by design or characterization.

Timing Wa veforms

COMPARATOR DATA [S LATCHED .

CLOCK IF
PHASE IS HIGH

CLOCK IF
PHASE IS LOW

SAMPLE
Ne1

.t

| e

AUTO
BALANCE

3590050 DATA IS SHIFTED TO OUTPUT REGISTERS

DATA DATA
N-2 N-1

DATA
N

XXX

FIGURE 1. INPUT-TO-QUTPUT
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HI3306

Absolute Maximum Ratings

DOC Supply Voltage Range, Vpp

Thermal Information

Thermal Resistance (Typical, Note 1) 04 (°CAY)

Voltage Referenced fo Vgg Terminal . .......... -0.5V to +8.5V PDIP Package

Input Voltage Range SOIC Package
Alllnputs-ExceptZener. ... ....ovnvuanes -0.5V1io Vpp + 0.5V Maxi Juncti

OC Input Current Maxi Storage Temp Range ......... +-65°C 10 150°C
CUKG PH, CET,CE2,VIN «cvereviviranonannnannns £20mA  Maxi Lead Temperature (Solcering 108)............. 300°C

. . -Lead Ti [

Operating Conditions (SOIC - Lead Tips Only)

Supply Voltage Range . ......covveeecninarrinecnnnn 3Vio v

Temperature Range (Ta) - .cvvvvrirnvnvnnannnen -40°C 10 85°C

CAUTION: Stresses above those Gisted in 'Absolute Maximum Ratings® may cause permanent damage lo the device. This is a stress only rating and opecation

of the device at these or any othet conditions above those it in e ions of iis ification is not implied.
NOTE:
1. 850108 d with the p { ted on an evaluation PC board in lree air.

Electrical Specifications

Tp = 25°C, Vpp = 5V, Vagp+ = 4.8V, Vgg = Vagz- = GND, Clock = 15MHz Square Wave for
HI3306XXX/15, 10MHz for HI3306XXX/10

PARAMETER | TEST CONDITIONS [ mn [ T [ max | unrs
SYSTEM PERFORMANCE
Resolution 6 - - Bits
Integral Linearity Error, INL - 40.25 0.5 LsB
Differential Unearity Error, DNL - 025 0.5 Lse
Ofiset Error (Unadjusted) {Note 2) - 0.5 E3] Lse
Gain Error (Unadjusted) {Note 3) - 0.5 =1 LsBe
Gain Temperalure Coefficient - +0.1 . mvr°C
Ofiset Temperature Coefficient - -0.1 - mv/eC
DYNAMIC CHARACTERISTICS Input Signal Level 0.5d8 Below Full Scale
Maximum Conversion Speed  HI3306XXX/10 10 13 . MSPS
HIIZ0EXXXNS 15 20 - MSPS
Maximum Conversion Speed HI3306XXX/10 {Note 5) 12 - . MSPS
Hia306xXX/5 | 91 92 2 Minimum 18 X - MSPS
Allowable Input Bandwidth {Note 5) DC - fcLock2 MHz
-3dB Input Bandwidth - 30 - MH2
Signal to Noise Ratio, SNR fg = 15MHz, fjy = 100kHz - M6 . d8
BMS Signal 15 = 15MHz, {jy = SMHz - 334 - d8
AMS Noise
Signal to Noise Ratio, SINAD fs = 15MHz, {iy = 100kH2z - 4.2 . ds
- AMS Signal 1 = 15MHz, fyy = SMHz To- 23.0 - d8
RMS Noise + Distortion
Total Harmonic Distortion, THD fg = 15MHz, fiy = 100kH2z - -46.0 . dBe
fg = 15MHz, fyy = SMH2 - -30.0 - ¢Be
Effective Number of Bits, ENOB fg = 15MHz, fjy = 100kHz - 55 - Bits
s = 15MHz, fiy = SMH2z - 45 - Bits
ANALOG INPUTS
Positive Full Scale Input Range (Notes 4. 5) 1 4,8 |Vpp+05 v
Negative Fult Scale Input Range (Notes 4, 5) -0.5 0 Vpp-1 v
Input Capacitance - 15 - pF
Input Current Vin = 4.92V, Vpp = 5V - - 1500 pA
INTERNAL VOLTAGE REFERENCE
Zener Voltage Iz = 10mA 54 6.2 74 v
Zener Dynamic impedance iz = 10mA, 20mA - 12 25
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HI3306
Functional Block Diagram
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