
• A N A L O G Octal 8-Bit CMOS 
DEVICES D/A Converter 

DAC8800 
FEATURES 

• ±1/2 LSB Total Unadjusted Error 
• Settling Time 
• Serial Data Input 
• ±Full-Scale Output Set by VREFH and V f lEFl 
• Unipolar and Bipolar Operation 
• TTL tnput Compatible 
• 20-Pin DIP or SOL Package 
• Low Cost 

APPLICATIONS 

• Voltage Set Point Control 
• Digital Ollset & Gain Adjustment 
• Microprocessor Controlled Calibration 
• General Purpose Trimming Adjustments 

GENERAL DESCWPTION 

The DAC-8800 TrimDAC™ is designed to be a general purpose 
digitally controlled voltage adjustment device. The output 
voltage range can be independently set for each set of four D/A 
converters. In addition, both unipolar and bipolar output voltage 
rang es are eas y to establ i sh by exte malreferenceinputhighand 
low terminafs. The digitally-programmed output voltages are 
ideal for op amp trimming, voltage-controlled amplifier gain 
setting and any general purpose trimming tasks. 

A three-wire serial digital interface loads the contents of eight 
internal DAC registers which establish the output voltage levels. 
An asynchronous Clear (CLR) input places all DACs in a zero 
code output condition, very handy for system power-up. An 
internal regulator provides TTL input compatibifity over a wide 
range of VD D supply voltages. Single supply operation is 
available by connecting to GND. 

FUNCTIONAL DIAGRAM 

VREFL. V B E P 

CLft VREf'-a vREFm2 

ORDERING INFORMATION ' 
PACKAGE 

OPERATING 
TEMPERATURE 

RANGE 
CEROIP 
20-PIN 

PLASTIC 
20-PIN 

SO 
20-PtN 

OPERATING 
TEMPERATURE 

RANGE 

DAC88MBR* 
DACB8Q0FR •AC8800FP DACB8Q0FS" 

-55°C to +125'C 
-40" C to +85CC 

* For dBvices precessed i n total comp liance to MIL-STD-363.add 'SE3 alter part 
number. Ccnsuli factory for 8B3 data sheet 

t Burn-in is available on commercial and industrial temperature range parts in 
Ce^D P and plastic DIP packages, 

f t F o r a vailab i lit y and burn - i n in form a tion on SO package, ccntactyour local sales 
office. 

PIN CONNECTIONS 

E V W - i i ] v ^ L , 
VREF», H VREFHJ 
VOLT* E I I S 
VourB E l 13 VqutG 
Vcui-C E VolgTF 

Voui-c LL I S V0IJTE 

vnD n 73 vss 

SDI [ T JD l d 

CLK [t JD CLFI 

5LK Qa 73 (SND 

20-PIN CERDIP 
(R-Suffix) 

20-PIN SOL 
(S-Suffix) 

20-PIN EPOXY DIP 
(P-Suffix) 
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DAC8800 

ELECTRICAL CHARACTERISTICS: (Note 1) Unless otherwise noted, SINGLE SUPPLY: V D D = +12V, V s s = OV, VR E FH - +5V, 
VR E FL = OV; or DUAL SUPPLY: V Q 0 = +12V, V g s = -5V, V n e p H = +2.5V, VR E pL = -2.5V; F GRADE: -40°C s T f t s +85°C; B GRADE: 
-55°C s T4 s +125°C. 

PARAMETER SYMBOL CONDITIONS MIN 
DAC-8800 

TYP MAX UNITS 

STATIC ACCURACY All specifications apply for DACs A, B, C. D, E, F, G, H 

Resolution N 8 - - Bits 

Total Unadjusted Error 
(Note 2) 

TUE - - ±1/2 LSB 

Differential Nonlinsarity 
(Note 3) 

DNL - - ±1 LSB 

Full Scale Error G F S E 
- - t1 /2 LSB 

Zero Code Error V Z S E - - ±1/2 LSB 

DAC Output Resistance B 
O U T e 12 16 k n 

DAC Output Resistance Match A H o u t / R o u r - 0.5 - % 

REFERENCE INPUT 

Voltage Range (Note 5) 
Pins 2 & 19 V R E F L - ( V D D " 4 ) 

Voltage Range (Note 5) 
V « E F L Pins 1 & 20 V S S - V R E F H 

Input Resistance V F h Digital Inputs = 55R 2 3 k n 

Input Resistance Match A R r e f H / R h e f H Digitai Inputs = 55H - 0.5 % 

Reference Input 
Capacitance (Note 4) 

C R E F 
Digital Inputs All Zeros 
Digital Inputs All Ones 

_ 5 0 

75 
75 

100 PF 

DIGITAL INPUTS 

Logic High V | N H 
2.4 - - V 

Logic Low V 
INL - - 0 8 V 

Input Current ' I N V | N = OV ar +5V - - ±1 H A 

Input Capacitance (Note 4) C I N - 4 6 PF 

Input Coding BINARY 

POWER SUPPLIES (Note 6) 

Positive Supply Current 
' D D 

TTL Dual Supply C m q s 
- 1 

0.2 
2 

0.4 
mA 

Negative Supply Current ' ss Dual Supply - 0.01 0.2 mA 

Power Dissipation p 
D I S S 

Single Supply Operation 
Dual Supply Operation 

- 12 
12 

24 
25 

M W 

DC Power Supply 
Rejection Ratio 

P S H R A V D D = ± 5 % - 0.001 0.01 %/% 

DYNAMIC PERFORMANCE (Note 4) 

V Q U ) Settling Time 
•B ±1/2 LSB Error Band - 0.0 2 

Channel-to-Channel 
Crosstalk (Note 7) 

CT Measured Between Adjacent DAC Outputs - 80 - nvs 
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DAC8800 
ELECTRICAL CHARACTERISTICS: (Note 1) Unless otherwise noted, SINGLE SUPPLY: V, 

REF VREFL = OV; or DUAL SUPPLY: VD D = +12V, V s s = -5V, VREFH = +2 
DD +12V, V s s = OV, Vn P PH = +5V, REF1 

—55°C < T f t < +125°C. Continued 
5V, VPP( rL = -2.5V; F GRADE: < TA < +85°C; B GRADE: 

PARAMETER SYMBOL CONDITIONS MIN 
DAC-8800 

TYP MAX UNITS 

SWITCHING CHARACTERISTICS (Notes 4, 8) 

Input Clock Pulse Width ^ H ' 'CL Clock Level High or Low 60 - - ns 

Data Setup Time DS 30 - - ns 

Data Hold Time 'DB 30 - - ns 

DAC Register Load Pulse Width *LD 50 - - ns 

Clear Pulse Width CLR 50 - - ns 

Clock Edge to Load Time 
C K L D 

5 0 - - ns 

Load Edge to Next Clock 
Edge Time L O C K 50 - - ns 

NOTES: 
1 TesVng performed in SINGLE SUPPLY mode, except I 

which are tesled in DUAL SUPPLY mode. 
2 includes Full Scale Error, Relative Accuracy, and Zero Code Error 
3 All devices guaranteed monotonic over the full operating temperature range 
4. G uaranteed Py design and not su bject to production test. 
5. V D D - 4 volts is the maximum reference voltage for the above specitications. 

6. Digital Input voltages V | N = V | N L or V ( N H f o rTTL condition: V | N = 0V or <-5V for 
CMOSconditiori.DACoutputs unloaded. P D | g s is calculated Irom ( l o a x VD0) 
+ ( l s s x V s s ) . 

7. Measured at V 0 U T p i n where an adjacent V 0 l J T p in is making a full-scale volt-
age change. 

B. See timing diagram for location of measured values. 

DETAILED DAC-8800 BLOCK D IAGRAM 

VNO V ^ F H , V R E F L , V R E F H , VREFLJ 
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DAC8800 
DICE C H A R A C T E R I S T I C S 

1. 
2 . 
3. 
4. 
5. V 

V H E F L I 
V R E F H I 

6. 
7. 

" O U T " 

VOUTB 
' O U T C 

V O U T D 

V D D 
G. SDI 
9. CLK 

10. CLK 
11 . G N D 
12. CLR 
13 . L D 
14 . V r ss 

V E 
O U T 

V F "our 
17. V q u t G 
1 8 . V „ u t H 

1 5 . 
1 6 . 

19. 
20. 

VOUTH REF 2 
V R E F L Z 

DIE SIZE 0.151 x 0.130 Inch, 19,630 sq. mils 
(3.8354 x 3.3033 mm, 12.664 sq. mm) 

WAFER T E S T LIMITS at V D D = +12V, V s s = 0V, V r e f H = +5V, V r e f L = 0V; T^ « +25°C unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 
DAC-6800G 

LIMIT UNITS 

Total Unadjusted Error TUE ± 1 / 2 LSB MAX 

Diflerantial Nonlinearity DNL ± 1 LSB MAX 

Full Scale Error GFSE ±1/2 LSB MAX 

Zero Code Error VZSE ±1/2 LSB MAX 

DAC Output Resistance ROUT 
8 

16 
k n MIN 

k f l M A X 

Reference Input Resistance RREFH Digital Inputs = 55H 2 k n MIN 

Digital Inputs High V|NH 2.4 V MIN 

ttgitaJ Inputs Low VLFJL o.a V MAX 

Digital Input Current •IN V,N = 0 V or + 5 V ±1 ^ MAX 

Positive Supply Current IDD - - 5 V T T L 
s s CMOS 

2 
0 . 4 

mAMAX 

Negative Supply Current Iss V s s - - 5 V 0 . 2 mA MAX 

DC Power Supply 
Rejection Ratio 

PSRR AVDO - ±5% 0 .01 %/%MAX 

NOTE: 
Electrical tesis are performed at wafer prob« to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed for 
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembfy and testing. 
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DAC8800 

otherwise noted) 
ri "ss 

VgE to GND -20V, 0V 
Digital Input Voltage to GND GND - 0.3V, VDD + 0.3V 
V F L E F H T O G N D V B E F L , V D D 

V R E f L t o GND VSS , VR E FH 

V D U T t o G N D V r e f U V REF H 

Operating Temperature Rang© 
Military, DAG-8800BR -55 g C to+125°C 
Extended Industrial, DAC-8800FR,FP,FS ...-40°Cto +85°C 

Maximum Junction Temperature (T Max) +150°C 
Storage Temperature ! -65°C to +150°C 
Lead Temperature {Soldering, 10 sec) +300°C 
Package Power Dissipation (T. Max - T . ) /6 i A J ^ J* 

unless PACKAGE TYPE 8JA(Note1) 0.C 
UNITS 

0V, +20V 20-Pin Hermetic DIP (R) 76 11 ">•C/W 

0 V, +20 V 20-Pin Plastic DIP(P) 69 27 5 c/w 

-20V,0V 20-Pin SO (S) 88 25 'C/W 

NOTE: 
1. » j A is specified for worst case mounting conditions, i.e., e j A is specified for 

device in socket for GerDIP, and P-DIP packages; 8 ) A is specified for device 
soldered to printed circuit board for SO package. 

CAUTION: 
1. Do not apply voltages higher than V D D or (ess than V s s potential on any termi-

nal. 
2. The digital control inputs are zener-protected; however, permanent damage 

may occur on unprotected units from high-energy electrostatic fields. Keep 
units in conductive foam at all times until ready to use. 

3. Do not insert this device into powered sockets; remove power before insertion 
or removal. 

4. Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to device. 

TABLE 1: PIN Function Description 

PIN MNEMONIC DESCRIPTION 

T ^ R E F ' - I 
External DAC voltage reference input shared by OAC A, B, C, D. VRE(J_( determines the lowest negative DAC output voltage. 
VRE(-L1 must be equal to or more positive than VGG. 

2 V R E F H 1 External DAC voltage reference input shared by DAC A, B, C, D. V^gpH, determines the highest positive DAC output voltage. 

3 V O U T * 
DAC A Output 

4 V O U T B DAC B Output 

5 V O U T C DAC C Output 
• Output voltage determined by external VRg(.H1 and V R E F L ( . 

5 V O U T ° DAC D Output 

7 v 
D D Positive supply, allowable input voltage range +4.5V to +16V. 

8 SDI Serial Data Input • 

9 C L K Serial Clock Input, positive edge triggered • TTL InputCompatible 

10 CLK Clock Enable or Serial Clock Input, negative edge triggered 

11 GND Ground 

1 2 CLR Clear Input (Active Low). Asynchronous TTL compatible input that resets a3l DAC registers to zero code. 

1 3 L D Load DAC Register Strobe, TTL compatible input that transfers data bits from serial input register into the decoded DAC register, 
See Table 2. 

1 4 V S 5 
Negative Supply, allowable input voltage range 0V to -12V. 

1 5 V E 
O U T 

DAC E Output 1 

1 6 
W 

DAC F Output 

1 7 V O U T G DAC G Output 
Output voltage determined by external V R E P H 2 and VR £ FL2 . 

1 8 V O U T H DAC H Output 

1 9 V R E F H
2 

External DAC voltage reference input shared by DAC E, F, G, H. VREf.H2 determines the highest positive DAC output voltage 

20 V R E F * - 2 
External DAC voltage reference input shared by DAC E, F, G, H. V H E F L . determines the lowest negative DAC output voltage. 
V R E F L 2 must be equal to or more positive than V s s . 
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DAC8800 

] IXZIHCiXEEiXEl!!^^ 
: _ n n / w w w w \ 

DAC REGISTER 
LOADED 

45V 

VOUT 
ov 

DETAIL SERIAL DATA INPUT TIMING (CLX = 0} 

SDI 1 

(DATA IN) „ 

V 
CLEAR OPERATION 

P >CH » 

~X * i o h d ' X 

I—»DS—I— 
X 

J' \ 
" ^CKLD^ 

\ f 

"kjacK" 

±1J2LSa EHHOH BAND 

3 
11/Z LSO EHHOH BAHD 

CLK INPUT (PIN 10) TIMING IS EXACTLY INVERTED FROM CLK INPUT (PINS) 

FIGURE 1: Timing Diagrams 

TABLE 2: Serial Input Decode Table 

LAST -FIRST 

LSS 

Do D, D 6 

MSB LSB MSB 
A2 

MSB LSB 

Di 
DAC OUTPUT VOLTAGE 

(K = V R 6 F H - V f l E F L ) Di 
DAC OUTPUT VOLTAGE 

(K = V R 6 F H - V f l E F L ) 

Q 0 0 0 0 0 0 0 VflEff-
0 0 0 0 0 

• 
0 • 1 (1/256)x K + V r e f L 

• 1 1 1 

• 

1 1 1 1 (127/256) K K + V r e f L 
1 0 0 D 0 0 0 0 (128/256) * K + V f l E F L 
1 0 0 • 0 

« 
0 0 1 (129/256) x K + VH E FL 

1 1 t 1 

• 

1 1 1 1 (255/256) » K » V r e f L 

MSB L S S 

A* A, Aa DAC UPDATED 

0 0 0 DAC A 
0 0 1 DAC B 
0 1 0 DAC C 
0 1 1 • A C D 
1 0 0 DAC E 
1 0 1 DAC F 
1 1 0 DAC G 
1 1 1 DAC H 

TABLE 3: Logic Control Input Truth Table 

CLK CLK INPUT SHIFT REGISTER OPERATON 

t L Shift Data 

H 4- Shift Data 

L X No Operation 

X H No Operation 
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DAC88Q0 
TYPICAL PERFORMANCE CHARACTERISTICS 

TOTAL UNADJUSTED ERROR 
vs DIGITAL INPUT CODE 

- DAC I A, 8. C. D SUPERIMPOSED 
V„ecM, . .5V V„rL, = 0V 

USSffl ttWM 

D»C» 6, F, G, H SUPERIMPOSED 
V„,H,= .5V V„E,L, =0V 

M 12B 194 
DIGITAL-INPUT COOE (DECIMAL) 

SUPPLY CURRENTvs 
TEMPERATURE 

S 

1 r 
VB 0 . .12V 
V,sh = 2.4V 

—75 - 5 0 - 2 5 0 25 50 75 100 135 
TEMPERATURE f'C| 

POWER SUPPLY REJECTION 
RATIO vs FREQUENCY 

| 10 

1 1 I'TT 

Vgj« -5V 
VM=+12V 
AVoo.1V*. 

<00 m 10k 
FREQUENCY (Hz) 

DAC OUTPUT SETTLING TIME 
POSITIVE & NEGATIVE 

TRANSITIONS 

UPPER TRACE: 
LOWER TRACE: V, 
CONDITIONS: 

1 L D INPUT (5V/DIV) 
O U T A ( 2 V / D I V ) 

W 1 2 V . V R . E F H 1 = + 5 V . 
V h E F L I = O V - V S E = O V . 
R l = 1MQ, C L = 3.4pF 

EXPANDED DAC OUTPUT 
SETTLING TIME POSITIVE 

TRANSITION 

UPPER TRACE: t L D INPUT {5V/DIV) 
LOWER TRACE: V Q U T A (1V/DIV) 
CONDITIONS: V D D = +12V, V ^ H , = tSV, 

^ e f ' - i V g s = 0V, 
H L = 1Ma, C L = 3 ^ 4 p F 

EXPANDED DAC OUTPUT 
SETTLtNG TIME NEGATIVE 

TRANSITION 

UPPER TRACE: t L Q INPUT (5V/0IV) 
LOWER TRACE: V Q U T A (1V/OIV) 
CONDITIONS: V 0 0 = +12V, V f ) E f H 1 = +5V, 

V
R e F L , = 0 V ' V S 3 = 0 V . 

R L = 1MO, C L = 3.4pF 

DAC OUTPUT CHANNEL-TO-
CHANNEL CROSSTALK BOTH 

TRANSITIONS 

UPPER TRACE: V „ A 0 T O + 5 V C H A N G E 
LOWER TRACE: V 0 ( J T B (1V/DIV) 
CONDITIONS: V D Q =+12V, V B E F H , =+SV, 

V H E F
L 1 = O V - V S S = O V . 

R l = 1MO, C L = 3.4pF 

EXPANDED DAC OUTPUT 
CHANNEL-TO-CHANNEL CROSS-

TALK NEGATIVE TRANSITION 

UPPERTRACE: V Q U T A +SV TO 0V CHANGE 
LOWER TRACE: V Q U T B {100mV/DIV) 
CONDITIONS: V ^ = +12V, V R E F H 1 - *5V, 

R L = 1MB, C L - 3 . 4 p F 

EXPANDED DAC OUTPUT 
CHANNEL-TO-CHANNEL CROSS-

TALK POSITIVE TRANSITION 

U P P E R T R A C E : V o u t A 0 TO +5V CHANGE 
LOWER TRACE: V Q U T B (tOOmV/DIV) 
CONDITIONS: V D D = +12V, V R E F H 1 « v5V, 

V n E F L , = 0 V , V s a = 0V. 
R L = 1H£J, C L = 3.4pF 
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DAC8800 
CIRCUIT OPERATION 
The DAC-8800 provides a programmable voltage output adjust-
ment capability. Changing the programmed output voltage of 
each DAC is accomplished by clocking in an 11 -bit serial data 
word into pin SDI (Serial Data Input). The lormat of this data 
word is three address bits, MSB first, followed by 8 data bits, 
MSB first. Table 2 providesthe serial input decode table fordata 
loading. DAC outputs can be changed one at a time in random 
sequence. The fast serial-data clocking of 6.6MHz makes it 
possible to load all 8 DACs in as little time as 14 microseconds. 
The exact timing requirements are provided in Figure 1. 

Aclear(CLR) input pin allows the circuit to be powered-up in the 
all zero state or a system reset pulse connected to CLR can 
asynchronously clear a!l data registers. 

V F H O -

•AC 
REGISTER 

N-CH 

HOIFT 
CONSTANT 

I R INDEPENDENT 
OF DIGITAL 
INPUT CODE 

I ^ W — 1 > 

VbefL O - T -

2R 

2R 

*V 0 JT = r g ; x [VN E FH - V „ E F L ] . VR E FL 

where D is a whole number binary digital input word loaded into 
the D A C register. For examp le , w h e n V R E ( -H - + 5 V a n d V R E F L = 
OV unipolar output operation results with the following binary 
digital inputs: 

D V O U T < D > 
V h e f H = +S.OOV;VREFL = OV 

255 4.98V Full-Scale 

128 2.50V Half-Scale 

1 0.02V 1 LSB 

0 0.00V Zero-Scale also generated 
When CLR Input Activated 

Bipolar output operation is achieved when VREF.H = +2.5V and 
VR E FL = -2.5V, also note VSS must be equal to or more negative 
than VREFI_. VSS = -5V is a good choice for this example. The 
following example lists the actual bipolar output voltages pro-
duced by the binary digital input which would now be considered 
offset-binary coded: 

D W D > VREFH = + 2 .50V;V R E F L =-2 .50V 

255 2.48V Positive Full-Scale 

129 0,02V Positive 1 LSB 

128 0.00V Bipolar Zero-Scale 

127 -0.02V Negative 1 LSB 

0 -2 .50 V Negative Full-Scale 

REFERENCE INPUTS (VREFH1, . R E F ^ , . R E F . 2 , 
The external voltages connected to the VR E F input pins deter-
mine the programmable output voltage ranges of the two sets of 
four DACs in the DAC-8800. Specifically, V ^ H , and VREFL1 

are connec ted to DACs , A, B, C, D, and V R E F H 2 and V R E F L 2 

are connected to DACs E, F, G, H. 

Inspection of the DAC-8800 equivalent DAC circuit (Figure 2) 
shows the external V R E F H and V R E F L inputs connec ted to the 
internal DAC switches. During updating, the DAC switches pro-
duce transient current flowing from VREFH to VREPL. It is recom-

V R £ F L 1 ' V R E F H 2 ; V n t c ^ j ) 

FIGURE 2: DAC-8800 TrimDAC™ Equivalent DAC Circuit 

The output voltage range is determined by the external input 
vol tages appl ied to V R E F H and V R E F L . See Figure 2 for a s impl i -
fied equivalent DAC circuit. If a negative supply is used on V C . , . T , _ - . . — - , ., 

w i _ u 4 !.• • mended to pace O.OIaF bypass capacitors across the VNCI_H then VDCCL may be set negative resulting in a programmable . • . R E F 

• • • R E F - and VR E FL inputs to minimize the vo tage transients. bipolar output voltage swing. 

T h e actual ou tpu t vo l tage, V 0 ( J T , depends on V R E F H and V R E F L 
as follows: 

V O U T (D ) = D X ( V R E F H - V R E F L V 2 5 6 
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DAC8800 
A wide range of external voltage references can be used subject 
to the reierBnce input voltage range boundary conditions. First 
VR E PH should always be more positive than VRERL. DC voltages 
are recommended. V R E F L can be equal to the negative power 
supply V s s . This feature results in single supply operation when 
V s s is at ground. VR E FH should not be closerthanfour volts to 
VD D . This is due to the DAC-8800 NMOS only DAC switches 
which will no longer operate properly if V R E p H is closer to V D D 

than four volts. Total unadjusted error degrades when (VD D -
V H) is less than four volts as shown in Figure 3. 

D UJ 2 

u 0 

s 
e 

0 4 8 12 16. 
V0„-V„,M (VOLTS) 

FIGUR&3: Effect on TUE Operating Beyond 
(VDD-VREFH)>4V Limit 

DAC OUTPUTS (VOUT A, B, C, D, E, F, G, H) 
The eight D/A converter voltage outputs have a constant output 
resistance independent of digital input cade. The distribution of 
R 0 ( j t from DAC to DAC within the DAC-8800 typically matches 
by 0.5%. Device to device R Q U T matching is process-lot to proc-
ess-lot dependent having a ±20% variation. The change in 
R o u t with temperature is very small as a result of PMl's low 
temperature coefficient SiCr thin-film resistor process. 

The nominal DAC output capacitance measures three picofar-
ads and has little variation with temperature. 

One aspect of the nominal 12.5k£i DAC output resistance ia 
channel-to-channel crosstalk. Under a worst case condition of 
adjacent DAC outputs when DAC A makes a five volt output 
voltage change DAC B exhibits a 300mV voltage transient. See 
photograph in typical characteristics section of data sheet. 

The channel-to-channel crosstalk isdueto the 0.15pF inter-pin 
package capacitance. A FET probe with 3.4pF input capaci-
tance was used to measure the DAC output channel-to-channel 
crosstalk characteristics shown. In voltage transient sensitive 
applications, minimization of crosstalk can be accomplished by 
placing ground traces between adjacent DAC output pins. DAC 
output bypass capacitors will also minimize voltage transients. 

Output settling time has a dominant pole response as the photo-
graph in the typical characteristics section shows. The output 
settling time characteristic consists of an 80 nanosecond propa-
gation delay followed by a single RC decay waveform deter-
mined by the nominal R O U T of 12.5kft times C Q U T p lus C L 0 A D 

which includes the oscilloscope probe. 

The digital feedthrough from the serial data inputs (CLK, and 
SDIJtothe DAC outputs measures less than 20mV. 

TOTAL UNADJUSTED ERROR 
VS(VD D -VR EFH) 

Ta »+25"C 

t 
J 

O LU iZ 
lit a (A 

RECOMMENDED OPERATING POWER SUPPLY 
VOLTAGE RANGES 
Although the DAC-8800 is thoroughly specified for operation 
with V p D = + 12V and V s s = 0Vor -5V, it will still function with the 
following recommended boundary conditions: 

M V d d - V S S ) < 1 8 V 

• 4.5V < V D D < 16V 

' 0V > V s g > - 1 2 V 

In ail cases the reference voltage boundary conditions still ap-
ply. The boundary conditions described here make it possible 
to use DAC-8800 with a wide variety of readily available supply 
voltages. Some choices include, but are not limited to: 

V D D / V s s - + 15V/0V;+12V/0V; +12V/-5V; +5V/-5V; +5V/-12V 

DIGITAL INTERFACING 
The DAC-8800 contains a standard three-wire serial input con-
trol interface. Thethrea inputs areclock (CLK), load (LD), and 
serial data input (SDI). A CLK input pin is available for negative 
edge triggered data loading. The edge sensitive clock input pin 
requires clean transitions to avoid clocking incorrect data into 
the serial input register. Standard logic families work well. If 
mechanical switches are used for product evaluation they 
should be debounced by a flip-flop or other suitable means. 

The logic control input truth table (Table 3) defines operation of 
the serial data input register. 

The CLK input is used to place data in the serial data input reg-
ister. The unused clock input (CLK or CLK) should be tied to the 
active state {CLK = 1 or CLK = 0 for active). The load strobe (LD) 
which must follow the eleventh active CLK edge transfers the 

REV. A - 9 -



DAC8800 

SERIAL DATA 

LOAD STH08E 

3 0 C 
JL_TU ft 
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FIG U RE 4: Three- Wire Serial Interface Connections 
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CUJCK n_ru 
LOAD STROBE I T 

SOI 

CLK 
DAC-8800 
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CLK 
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SDI DAC-B300 

CLK 
«2 

LD 

FIGURE 5a: Decoding Multiple DAC-8800s 

data from the serial data input register to the DAC register de-
coded from the first three address bits clocked intothe input reg-
ister. Any extra CLK edges after the eleventh edge looses the 
first bits shifted in. See Table 2 for a complete description. See 
Figure 4 for an example using the CLK input pin to clock data 
intothe SDL 

The unused clock input of Figure 4 can be used to provide a chip 
select (CS) feature for applications using more than one DAC-
8800. Figure 5a shows the proper connection and timing of the 
CLK inputs which assures that the CLK acting as a chip select 
(CS) is taken to the active low state selecting the desired DAC-
8800. 
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Another method of decoding multiple DAC-8800s is shown in 
Figure 5b. Here all the DAC serial input registers receive the 
same input data; however, only one of DAC's LD input is acti-
vated to transfer its serial input register contents into the desti-
nation DAC register. In this circuit the LD timing generated by 
the address decoder should follow the DAC-8800 standard tim-
ing requirements. Note the address decoder should not be acti-
vated by its WR input while the coded address inputs are chang-
ing. 

CLOCK o -

DATA O -

CODED 
ADORESS 

ADDRESS 
DECODE 

WR O-

LD DAC 
CLK B800 
SDI #1 

LD DAC 
CLK eaoo 
SDI #2 

LD •AC 
CLK 8KW 
SDI W 

LD DAC 
CLK aeon 
SDt H 

FIGURE 5b: Decoding Multiple DAC-SBOOs Using the LD 
Input Pin 

APPLICATIONS 
DIGITALLY PROGRAMMABLE AUDIO AMPLIFIER 
The DAC-8800 is well suited to digitally control the gain or at-
tenuation settings of eight voltage controlled amplifiers (VCAs). 
In professional audio mixing consoles, music synthesizers and 
other audio processor's VCAs, such as the SSM-2014, adjust 
audio channel gain and attenuation from front panel potenti-
ometers. The VCA provides a clean gain transition control of 
audio level when the slew rate of the analog input control volt-
age (Vc) is properly chosen. Taking advantage of the 12.5kQ 
nominal output resistance of the DAC-8800 it is very easy to 
control the slew rate of V Q U T by appropriate selection of C o u r 

Figure 6 shows one channel of a digitally programmable audio 
amplifier. 

The reference high (VREFH) and reference low (VREFL) input 
voltages of the DAC-8800 provide a digitally programmable 
output voltage o f -1 ,2V to +1.2V which is connected to the con-
trol voltage (Vc) input terminal of the SSM-2014 VCA. Thegain 
of the SSM-2014 is guaranteed to change from -15dB to + 15dB 
•for 1.2 to -1 .2V input V c voltage. A C 0 U T of 0.1 (iF provides a 
control voltage transition time of 1.2ms which generates a click 
free change in audio channel gain. 

.2V o-^ ^ v w - i -

r 
- V / / 

rREfn v00 

DAC-8800 

VHEFL VfiJ 

± SERIAL. -
CONTROL 

jfTTT 
1 —5V ~ 

GAIN (dB) va v e 

-1 .2 0 
Vc (VOLTS) 

FIGURES: Digitally Programmable Amplifier 

BUFFERING THE DAC-8800 OUTPUT 
External op amps can be used to buffer the output of the DAC-
8800's nominal 12.5k£2 output resistance. In Figure 7 a variety 
of possibilities are shown. The quad low power OP-420 is used 
as a sim pie buffer to reduce the output resistance of DAC A. The 
OP-420 was chosen for its wide operating supply range, both 
single and dual, low power consumption, and low cost. 

The next two DACs, B and C, are configured in a summing ar-
rangement where DAC C provides the course output voltage 
setting and DAC B can be used for fine adjustment. The inser-
tion of R1 in series with DAC B attenuates its contribution to the 
voltage sum node at the DAC C output. 

DAC D in Figure 7 is in a noninverting gain of two configuration 
increasing the available output swing to 10V. Appropriate 
choice of external op amp gain can achieve output voltage 
swings beyond the range of the DAC-8800 if the external op amp 
power supply voltages are sufficiently high. In addition, the op 
amp feedback network termination could be a bias voltage 
which would provide an offset to the output signal swing. 

SETTING COMPARATOR TRIP POINTS 
The DAC-8800 is ideal to provide setpoints for voltage input 
comparators. In Figure 8 the very low power CMP-404 detects 
whether input voltage (V(N) is higher or lower than the pro-
grammed limit values providing TTL compatible output signals. 
The compactness of the DAC-8800 makes it ideal for high den-
sity testing applications found in pin head electronics. 
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FIGURE 7: Buffering the DAC-8800 Output 

FIGURE 8: Setting the Comparator Trip Points 
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CimHEHT SUMMING OUTPUT OPERATIONS 
Since the DAC-8800 has a constant output resistance regard-
less of digital input code, it can be used in a current summing 
application. Figure 9 depicts the DAC output connected to the 
inverting input of an OP-20 low power consumption op amp. An 
external feedback resistor sets the output signal swing accord-
ing to the formula given. The gain accuracy of this circuit has a 
wide variation due to the 30% output tolerance of the DAC-8800 
ROL)T specification. A second DAC in the DAC-8800 could be 
used with an external resistor summed into the OP-20 current 
summing node to digitally adjust the full-scale swing. 

OPTICALLY ISOLATED TWO-WIRE INTERFACE 
Two-wire signal interfacing is often found in process control 
applications where electrical isolation of hazardous environ-
ments and minimization of wiring is necessary. Isolation trans-
formers or optocouplers provide the high voltage isolation. 
Normally the DAC-8800 requires a three-wire interface to up-
date the DAC contents. One technique which translates a two-
wire interlace into the three-wire signal control required by the 

-5VO— 
WHEflE O = DECIMAL CODE 
INPUT BETWEEN 0 AND 255 

-12 V 

FIGURE 9: Current Summing Output Operation 

DAC-8800 is shown in Figure 10. A single package CMOS-logic 
dual-retriggerable one-shot MC14538 provides the solution. At 
rest the optocouplers are both OFF allowing the pull-up resis-
tors to sit at logic high. No undefined transients should occur on 
the control input line V c to avoid inadvertently clocking incorrect 
data into the DAC-8800 serial input register. When it is time to 
update one of the DAC-8800 DACs, the CONTROL line will go 

HIGH VOLTAGE 
ISOLATION 

POWER • W - T 

X 
RES 

T 
Vo„ 

T, T, 

r 
^ D L i " L T 

- W — ^ 

T, T, 
" L T 

-LTLT 

O O X S 

2WIRE I 
SIGNAL I 

3-WIRE 
INTERFACE 

SIGNAL 

n - t t -

Qj(LD) IT 
Vc (CLK.) 

•ATA (SDI) 

: n _ n j n j u -

: D G D G D C D c i x i x 
FIGURE 10: isolated Two-Wire Signal Interface for Serial Input DAC 
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low, triggering the first one-shot (Q,). At this time valid data 
should also be appliedtothe DATA input optocoupler. Sufficient 
time must be allowed before the control (Vc) input returns to 
logic high to make sure the DAC-8800 input data is stabilized. 
When V c changes to logic high, the first DATA bit shifts into the 
DAC-8800 serial data input register. The time constant of the 
first one-shot established by R, and C, should be at least twice 
as long as th_e basic CONTROL input clock period. This will 
prevent the Q1 output from returning to the high state. The next 
control input negative edge retriggersthe first one-shot and sets 
up the DAC-8800 clocktorthe next DATA bit. All eleven positive 
clock edges will fill the DAC-8800 serial input register and each 
negative clock edge will retrigger the first one shot. As soon as 
the CONTROL line returns tothe pass ivestate, thefirstoneshot 
will time out, triggering the second one shot (Q2), which will pro-
duce the required load LD pulse for the DAC-8800 to transfer its 
serial input register contents to the internal DAC register com-
pleting the DAC update. The R1C1 and FLC? times need to be 
designed based on the system's CONTROL-input clock rate. 
The optocoupler clocking rate must also be considered in set-
ting the system clock rate. 

BURN-IN CIRCUIT 
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