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DIGITAL TO ANALOG CONVERTERS

NO.1 Design a DAC that provides a -5,12V t0 +5,12V-LSB using a DAC-08: assume TTL inputs.

NO.2  Design an amplifier/attenuator with digital gain control using a DAC1220. The gain should range from
0 to 20v/v. Use LF347 op amps and maximise the bandwidth. Also make the input resistance very large (R,
> 10 MQ).
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Vin 0—{ + REF B
DACO800 + 100K
— REF 10K
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K M
A) Determine the DC voltage range at the op amp output.
B) Determine the maximum AC input amplitude that will either clip the output or clip the reference

current, whichever comes first. Explain why reference current cannot go negative.

C) Determine the minimum values of C;, and C if the frequency of V;, spans a range of 50 Hzto 10
kHz. Also determine an appropriate C,,, value and explain its function.

D) Determine the AC gain of the circuit as a function of the binary input and plot the gain-BIN
characteristic showing all relevant values.

E) If V;, =1.2V and BIN = 124,. what is V,,,?
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OUTPUT

NOTE: the 1,25V drop across the 240 resistor is the internal voltage reference of the LM317 regulator that
appears across the regulator output pin and the adjustment pin. The +10V at the DAC input should be a

precision reference voltage.

specified as 10 mA worst case.

A)
B)

No.5

Design the circuit for +0,25V to 19,375V range

Draw the tranfer characteristic showing all relevant parameters.

PROGRAMMABLE DC POWER SUPPLY

The minimum load current needed to garantee operation of the LM317 is

>0

UNREGULATED
INPUT
LM317 L LM317
7 out in ‘ in out ]
adj adj
120 ! L 0,1 !
6200 6200
6 |+15v| A5V
2
0 — 75 pF
J 13 3 16
Tout 4
14 VLC +Vcc Vee com\ -
+ REF
620 DACO0800 +
— REF
15
1 MSB LSB Tout 2
- s LT T TT T2

BINARY INPUT

‘\}70
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No 5 A) Determine the output voltage range and the resolution of V.

B) Which resistor should we trim in order to null the output when it should be zero? Explain.
C) Modify the circuit in order to obtain a minimum O/P of +1V and a resolution of 20 mV.
D) Determine the maximum op amp O/P current. Modify the circuit to reduce this maximum current to 5

mA and still garantee a minimum load current of 11 mA for the LM317.
No.6 RESISTOR TOLERANCE TEST CIRCUIT
0,1 uF _1_ _1_ 0,1 uF

VioS ;l- 13 3 1—6|_

91K 14 -|v-1_.c TVoc Vee com N\PUt 4 ® VX OrVRUT
~ REF R
91K o ’ DAC0 800 > %U
— REF
—\AM—o ! ~ M SB LsB A J_T
BIN#4 STTTTT 1T 12 22 &
BIN#3
- CALIBRATION
+5V
;
PRECISTON 14 T3 RF 16
REFEREN CE
+Vdd GND IOl Viol
TT0V ~{er DACL020 . =|—‘ o
| | i I 1 VWA
M SB LSB + VY
o2 2 J_
al TTTTTTTT Tas -
BIN#2 UPPER LIMIT
:
\Y 51
14 T3 RF 16 Z MA
+Vdd GND | Vi02
12 DAC1020 = 'l—‘
REF [ 2
M SB LSB | +
7 I T

BIN#1 LOWER LIMIT

RUT: resistor under test LF311 outputs: OV and +5V

The above circuit is used for automated testing of resistors. BIN#4 selects the the 9.1K resistor for the 0 to
10K range and the 91K resistor for the 0 to 100K range. BIN#3 is used to calibrate V,, of the DAC-0800 to
exactly -9.00V with RUT=10K or 100K for the 0-10K or 0-100K ranges respectively using a calibration RUT.
The two LF311's form a window comparator used to pass or reject the resistor if tolerance is not met.
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A) Determine the typical calibration value of BIN#3.

B) Assuming we are testing 2% resistors, determine the resistance versus BIN#1 and BIN#2
characteristics for the two ranges and label with all relevant parameters. What is the minimum resistance step
that can be resolved in each range?

C) The LF311 have a maximum V, of 4 mV at 25 °C and let us assume that the op amps have the
same maximum V,,. The cumulative error on the LF311 detection levels will be:

AVyet = £V, (cOmp)tV,, (op amp)+hysteresis

What is AVy4et maximum and what % error does it represent resistance wise?
What is the minimum % tolerance test that can be achieved given the above answer?

No.7 PROGRAMMABLE PW and SW FUNCTION GENERATOR

PRECISION
REFERENCE

22 pF /\/\
-
i 13 3] 16 . 10 nF
out 4 Lat o |

14| VLC +Vec  -Vee com AN
+ REF |

DAC0800
— REF

L 15 MSB LB oot 21 Ic
S5ITTTTTTT12 -
BIN#1 INPUT

q A% L [ p
ﬂ BIN#2 INPUT

5||||||||12\Ieut2
15| MsSB LSB PRECISION
L — REF DA rererencel 10V
A | rer C0800
14] VLC +Vcc -Vee com
Iout 4=
11 13 3| 16 BIN#1 <]
= [+1s5v & L< LoGlc
[sv][Esv] CONTROLLER

A) Design the Schmitt trigger for £7,5V trigger points.

B) Design the DAC circuits to provide a PW and SW range (square wave output) of 100 ys to « for
BIN#x = 0 to 255.

C) If the LF347 have a minimum slew rate of 7 V/us, is the o amp fast enough to handle the triangular
wave output?

NOTE: The logic controller switches BIN#1 and BIN#2 to proper values to obtain the desired PW and SW at
Voo Ic* should be zero when I is activated and vice-versa.

D) Draw the PW and SW (versus BIN#x) characteristic showing relevant figures.
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No.8 PROGRAMMABLE TRACKING POWER SUPPLY
UNREGULATED
+VE INPUT ;\/PE
LM317 l LM317 4
out in ® L L 2 in out D
120 2 i 0,1 L adj IL
uF
| T 7T :
— —_ —_ _ O
A
7500 7500 D
A i
6 |+15V| -15V B
2 = 75 pF
0 1| 13 3| 16
T T Iout 4
14|VLC +Vcc -Vee com N\, _
REF e
DACO0800O
620 __ REF L
15 MSB LSB__out 2 hd
- s TTTTTT Ti2 N
BINARY INPUT
-VE
o/P
UNREGULATED - Lmss7 .
-VE INPUT ¢ in out »
7500 0 1 adj "
uF
L
7500 o
b A
D
A) Determine the two output voltage ranges and the resolution.
B) Modify the circuit in order to provide a range of 1V to 6,1V at the +ve output.
C) How would modify the circuit in order to reduce the current drawn from the op amps while maintaining

the minimum 10 mA load required for the LM317 and the LM337 regulators?
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SOLUTIONS

No.1
V,=5,12V to +5,12V—AVU = 5,12V—AV0—(—5,12):255AV0 = AVO =40mV

Vo, =-5,12V to +5,08V in 40 mV increments.

0,1 UF  FTev] V) 0,1 pF
I_ | [
f| "L
=] T Toeew g
1T 12 3| 18 + vout
14 | ¥LC  +¥eoo -Mee com "'{':""t 4 _ o ved
3(»? " ~+ REF -5.12V
P _ pep DACOBOO DA
| VN 5 MSE LEE 1,004 mé
— = lout 2= 1 mé
sITTTTTT Mz
DA ASSUMED
MOTE: P2 SET P2 BIN =00
TO 1004 T‘r‘F‘j RZ = 1,004 mé + 5,12% -
" iy AR i
200 47K 130 1 mé oY 51g
oy ASSUMED 21D
RZ+PZ =5Y /1,004 méA = 4950 = 4, 7K {18+ 180(1 %)+ 200 POT
UARF FEV] FisV] QOB
MOTE: P1 SET 1
TO 0% TYP. _|__|| ' L
[FErrer ] - — OOWF z oo
2,005 :
200 ) g s 1T 13 z| 18 s + vout
2,4k 14 | VLC  +Weo -Mee com "\L':""t 4 _ - e
g(r? Cha ~+ REF +5.08V
P R gy - DACOQSO00
15 MSE LSE
= STTT T T T iz ot 2= 200 mé
Pz 0,99608 mé
j pz BIN=233 1004 mé - 5,08Y +
r iy Ty i
200 4,7K 180 0¥ 51K 1%
1% 1% STD

R1+P1 =5Y /2,008 méh

I =1

Calculation of Iggf : o = Lrpr

= 2490 = 2, 4K ( 1%+ 200 POT

255
X—
256

=2,00md = I, =2,004 mA
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No.2

2k 38k

T\/\/\/\—”—\/\/\/\— =
= E1:5V| 22 pF

14 —‘73
e
TV GND %
— . 15 o1
REF  DAC1220 -

. LF 34 -
R LF347
MSB Ls8_/)
A5V al TTTTTTTT T3 To2

BINARY INPUT

The DAC provides a gain of 0 to -(4095/4096) and the first stage is a non-inverting amplifier with a gain of 20

mn

VIV. Therefore the overall gainis: V,, = o xX20x V,

The input resistance of the DAC-1220 varies anywhere from 10K to 20K - see data sheets. The input
amplifier/buffer will prevent loading of the signal source.

The typical GBW of the LF347 is 4 MHz, therefore the input amplifier has a BW = , GBW = 0,19 MHz. Using

a 22 pF compensation cap for the second LF347, the typical cutoff frequency is about 0,5 MHz according to
the DAC1220 datasheets (see figure 3 of data sheets). Therefore the overall cutoff frequency or bandwidth
will be about 0,19 MHz.

No.3 A) Vopa(out) =-10V to -39 mV for BIN = 0 to 255

B) Vgar = £12V min for LF347 at R = 10K, therefore Iy ac) = 12Vp/20K = 0,6 mAp max for BIN =255
and |ger(acy = 0,6m *256/255 = 0,602 mAx which is impossible because Irgrpcy = 0,5 mA, thefore Igerac) = 0,5
mAp max which corresponds to V;, = 0,5 mAp* 10K =5V

C) In order to not attenuate signals at 50 Hz,
let F o = 5 Hz = (2r*10K*C;,)'= (2rn*100K*C,,,)", therefore C;, = 3,3 yF and C,, = 0,33 uF.

> N\%

TYPICAL BANDWIDTH |1 ‘I‘
MHzMHz

Ceom = 15 pF is given in datasheets for 1 MHz BW of DAC-0800 - if C,, is increased, BW of DAC0800 will
decrease. LF347 has By = 1 because DACO0800 output is a current output with high resistance, therefore BW
= GBW of op amp.



C.Sauriol Rev. 11/8/2002 DAC Exercise Page II-8
D) A
19922 |——mmmmmm e
4 =2 % BIN 198438 |- ————— e !
v = 8 [
197666 |[--—-—-—-—-——-—————————————————~ i
- ' [
AA, = 2/256 S : ! !
AA\= 7.8125mV/V > \ | !
1 ] |
E) Vo= 11625V z o
= - ! |
out™ = < 39.0825m| — — - — - - P
o : I
|
31.26m |[--————————~ I Lo
| |
|
23.4376m |- —————— — i r
I | ! I
16.626m | ———— - to] o
[ I
| |
7.8126m | — =i | 1 b
P Lo ! 1+ BIN
0o — ] h 1 ! N
o - N w B e e e e e e e e e - N N N s
& ¥ a
BINARY INPUT
No.4
11.56
LM317
UNREG. P in
100K 01 mA adj
0,1
+ 10V - uF
ASSUME 0.1
10K mAx
|+1 5V I .—\/\/\/‘—HD
= 75 pF
1T 13 3] 16 0A 01 mA
Iout 4
+10V 14 ¥LC +Vcec Vee com \ \
REF REF oA OV
DACO0800 / 5.1
— REF -
15 M SB LSB — g mAXx
= Iout 2 -
sI T TTT Taz
BIN INPUT =0
19.53
mA MAX
v min +19.375V
UNREG. IP in out | ®or
100K 01 mA adj |
0,1 L
+10V - WF +
= 1.25v
0.1 .
ov 10K mAX
@ - W—FK——» 5.21
1.92 1T N I R e 1.9125 1.8125 mA mA
mA lout 4 mA
+10V 5208 1a[ Ve Voo Ves com NC- \ +18.125V
REF REF ov .
ov DACO0800 /
__ REF 3.5
° mAXx
1 5.1K 0A15 M SB LSB out 2 il
- s TTTTTT T2 -

BIN INPUT = 255



C.Sauriol

Rev. 11/8/2002

DAC Exercise Page II-9

No.5 A) Vo =0to +12,45V AVg = 48,83 mV
B) On your own!
C) Vo min=+1V  Vgmax=1V+20mV * 255 =6,1V
oV -0,25V
RE Lfix RE g ? 120
+1,25V @ VWA A% VWA ® +1V
+1,25V- +0,25V- - 1,25V +
oa  Ylbac
BIN =0
L—>
ov +4,85V
I ® ®
RE fix RF 120
+1,25V @ VWA VWA VWA ® 6,1V
- 1,25V +
Ipac
BIN =255
2,0083
mA +

From the above circuit, we have

LR 025 R

L R; 125 R,

0,2 and 4,85V:[2,0083m—

1,2

5
R
RJF

E

= (2,0083m X R,

4,85V =(2,0083m x R, —1,25x0,2) = R, =2359,5 and R, =5x2359,5=12698

— 1,25&)
R

E
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UNREGULATED
INPUT
i 119 mA
+1.25V LM317 LM317 m in +1V to +6.1V
out in in out @® O/P
dj di 6.66
120 - —— 01 — — 2 + 2 [ mA .
J W 4 Zq25v 4
= = = L 0.1 0 -0 L
) ) ) X 0 o}
12698 98.44 uA mAx fni A
VS 15V D
2539.5 L
6 -0.25V to -
g = |+15V| 15V +4.85V
75 pF I
»0t6 IT '3 5 lzr 0to 2.008 mA
A Iout 4
m 14| VLC +Vcc -Vee com =
> — | T REeF
620 7REFDAC08°0 ™ 3.3 mAx to 5.4 mAx
L oA 15 MSB out 2 :[
s T T2
BINARY INPUT
D) Look at above circuit.
No.6 A) B) TRANSFER CHARACTERISTIC
BIN, A :
Vior = _IREFﬁ X Ryr 100K -
Rpg 10,0K ——f------------ AA
_ X2 FS ' . /
BIN, :M A ,(:
Lipr X Ryr E)J ////// 1l
VL [
9 %256 =z S 11
BIN, = =209,66 < / T
(10/9,1K)x10K 7 /S i 12%
D L
BIN; = 210 typical, same for all e L
ranges. 0 S— > BINI/P
AR; = 10K/3688,7 = 2,711Q or N / \
AR, = 100K/3688,7 = 27,11Q BIN#2 9 (8"\; ® BIN#1
o3
63}

-10-
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100K 51 V., 0 ors
Veor £Vigs =Vy X T Vg X = +
51+100K °*  514+100K 1.00051 1962
Ver TVy = %(;ﬁl + (0 or 2.55mV) = V,= l.OOOSI(VRUT + Vw})— 1.00051(0 or 2.55mV)

v :—IOx%ilezl.OOOSIXV +V,,—(0 or 2.55mV)

Y RUT —

100051 XV, xV .V —(0 or 2.55mV)

BIN, = AT — x 2"
-10
— + + —
BIN, :1.00051><(0 to —9.00V)+4mV +4mV —(0 or 2.55mV)><212
-10
BIN, = (0 to — 9.00459V)+(51,(;15mV to —10,55mV) o 12

BIN, = (-2.23min, 0.5 ideal, 4,32max) to (3686.05min,3688.7 ideal, 3692.6max)

Yerror = DR v 100 = (-2.23min or +4,32max) <10

0
T BIN,
AR —2.23mi +4.,32
voerror = —DRur 9o - (£223min or +4,32max) 40
0,1R, ¢ — Rig 368.82 — 3688.2
—0.6% min,1.17% ma —0.06% min,0.117% ma
%error:%XmO:( o m ° X)—>( ° ° x)
uT O’IRFS RFS

For lower resistor values the % error increases because the DC offsets are higher % wise relative to the lower
voltages Vgyt being detected. To improve the accuracy one should use better op amps and better voltage
comparators with lower DC offset voltages (V, < 0,5 mV) this would reduce the error on the detection level to :
HYST/2 = 2,55mV/2 = +1.275mV or BIN;=(x1,275mV/10V * 212 = +0,52 = +0,5 LSB

No.7 A) 1% RESISTORS 21,4K
. . . Vo]_ VW \V] 2
Schmitt trigger design: ©
, 7.5V 22,6K L« +145V
Use standard design procedure. /\/\ —
| assumed V,,* = 14,5V and V™ =
+0,3V for the initial design steps. -1.5V Vo2 03V
C15V)=
294K 18K % J—0,1 HF
PRECISION i T
REFERENCE = =
AV 1 AV 15V
B) — =L =Cx—2=10nFx——=0—>1,5mA4 f or BIN=0to 255
At C At 100us — oo

-11-
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[FTov] PRECISION REFERENCE Vol
22 pF
P1 [FI5V]F 15V l_- lc /\/\
1,5059_ _[___ 1(,)5Trr?A 10 nF l
mA R1 14 VLC +Vcc -Vee com I I . ®
—+ ReF | -t
__ nep DAC0800 Co o C
L Reyp 15 LS8 2 oL tsmaTle L2
sTTTTT 1T 112 LF347
P3 BIN# 1 INPUT R3
A WA
1,5059 J BIN# 2 INPUT 15mA -
mA s| | 111]]w
P2 R2 15 v ~— \Jout 4
L — R bacos00 0TO15mA
A —+ REF
RB2 14 VLC +Vcc -Vee com lout 5 =+
13
l ﬁl'__l LH—-
22 pF
R2+P2 =R1+P1 =10V / 1.5059mA = 6641Q, use 200Q pot set to 100Q and 6541Q 1% resistor
R1+P1 =10V / 1.50mA = 6667Q, use 200Q) pot set to 100Q and 6567Q 1% resistor
C) AV4¢/At max = 15V/100 ps = 150KV/s or 0,15 V/us << SR = 13 V/us typical for LF347
therefore the op amp is fast enough.
D)
AV] :14 AV _ 1. BIN, _ 256 X C XAV |
At C PW Cx256 IREF(ZSS—BIN)
BIN 255 BIN.
AV I AV I,SmA—(IR ) (IREF ) (IREFx—Z-)
o _fc o _ 256 256 256
At C N4 C C
256 x C XAV
SW =
REF(255 BIN )
BIN PWor SW | APW or ASW S = 20X C XAV,
(s) step size (s) e (255 = BIN,)
0 1.0039E-4
1 1.0079E-4 3.9524E-7
2 1.0119E-4 3.9837E-7 _ 256 x CxX AV,
3 1.0159E-4 4.0153E-7 [REF(ZSS — BINI)
4 1.0199E-4 4.0473E-7
251 6.4000E-03 Ftr)om tthe circuitt_ diag;ams\\;vve c%n Pc\i/svelog t:we;
. . above two equations for an and plo
252 8.5333E-03 2.1333E-3 them on a graph as shown below. Notice that the
253 1.2800E-02 4.2667E-3 characteristic is not linear which means that the
254 2.5600E-02 1.2800E-2 steps (not shown) will not be constant.
255 0 o0

-12-
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PW or SW CHARACTERISTIC

DAC Exercise

1.00E-01
)
[
A |
£ 1.00E-02
7
& i
y
=z
A 1.00E-03
B ——
g s el
B B ot
[=] JE—
o
1.00E-04
0 20 40 60 80 100 120 140 160 180 200 220 240
BINARY INPUT

A)  Vo=0to+15066V and AV, = 59,066 mV

B) and D) See no 5, same modifications.
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