
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Btl04/105 

Pin Descriptions 

Pin Name 

DO-D11 

CLOCK(NIC) 

lOur 

VM 

AGND 

FSADJUST 

CaMP 

!REF 

Description 

Data inputs (TTL compatible). DO is the least significant data bit. On the Btl05. these inputs 
are latched on the rising edge of CLOCK. Coding is binary. Unused inputs should be connected 
to either the regular PCB power or ground plane. 

Clock input (TTL compatible). The rising edge of CLOCK latches the DO - 011 inputs on the 
BU05. It is recommended that this pin be driven by a dedicated TIL buffer. This pin is not used 
on the BU04 and may be left floating without affecting the performance of the Btl04. 

Analog current output. This high impedance current source is capable of sourcing up to 40 rnA 
of current. 

Analog power. All VAA pins must be connected. 

Analog ground. All AGND pins must be connected. 

Full scale adjust contro!' If the internal voltage reference is used. a resistor (RSET) connected 
between this pin and AGND controls the magnitude of the full scale output current. If an external 
voltage reference is used, this pin should be connected to V AA. See Figures 3 and 4. 

Compensation pin. A 0.01 J.LF ceramic capacitor must be connected between this pin and the 
adjacent V AA pin. Connecting the capacitor to V AA rather than to AGND provides the highest 
possible power supply noise rejection. See Figures 3 and 4. If an external voltage reference is 
used. this pin is driven by an external circuit such as shown in Figure 4. 

Current reference output. If the internal voltage reference is used. this output is connected to the 
FS ADJUST input. If an external voltage reference is used. IREF is used, in conjunction with 
RSET. to provide feedback to the external reference to servo the reference. See Figures 3 and 4. 

!REP PSADJUST 

COMP VAA 

VAA VAA 

VAA AGND 

AGND <LOCK (NfC) 

10lIT DO 

AGND 01 

011 02 

DID 03 

D9 D4 

08 05 

07 06 
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Btl04/10S 

PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Btl04/l0S power and ground lines by shielding 
the digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should by minimized so as to minimize inductive 
ringing. 

Ground Planes 

The Btl 04/1 OS and any associated analog circuitry 
should have its own ground plane, referred to as the 
analog ground plane. This ground plane should 
connect to the regular PCB ground plane at a single 
point through a ferrite bead, as illustrated in Figures 3 
and 4. This bead should be located within three inches 
of the Btl04/l0S. 

The analog ground plane area should encompass all 
Btl04/l0S ground pins, any external voltage 
reference circuitry, power supply bypass circuitry for 
the Btl04/l0S, the analog output traces, and any 
output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces (DO - 011 and CLOCK), 
excluding the ground pins, leading up to the 
Btl04/l0S. 

Power Planes 

The Btl04/l0S and any associated analog circuitry 
should have its own power plane, referred to as the 
analog power plane. Tltis power plane should be 
connected to the regular PCB power plane at a single 
point through a ferrite bead, as illustrated in Figures 3 
and 4. Tltis bead should be located within three inches 
of the Btl04/l0S. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Btl04/10S power 
pins, any external voltage reference circuitry, and any 
output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

For the best performance, a 0.01 ~F ceramic chip 
capacitor should be placed under the device to 
decouple the analog power and ground planes. In 
addition, two 0.01 ~F ceramic capacitors should be 
used to decouple the two groups of V AA pins to the 
AGND pins. These capacitors should be placed as 
close as possible to the device. 

It is important to note that while the Btl04/10S 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a switching 
power supply is used, the designer should pay close 
attention to reducing power supply noise and consider 
using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Btl04/l0S should be isolated 
as much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

If an external output amplifier is used to convert the 
current output of the Btl04/l0S to a voltage level, the 
amplifier should be placed as close as possible to the 
device. The amplifier power and ground pins should 
be connected to the analog power and ground planes. 

When using an external voltage reference, the analog 
power and ground planes should be used to provide 
power and grounding to the reference circuitry. 

The output signal should overlay the analog ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 



PC Board Layout Considerations (continued) 

C3 
ANALOOPOWBRPLANB 

Btl04/10S 

PsADJUSTI-----~ 

IRBPI-------' 
lOUTI---------____ --i 

Location Description 

C1 0.1 IJ.F ceramic capacitor 
C2, C3, C4 0.01 JLF ceramic capacitor 

CS 0.01 IJ.F ceramic chip capacitor 
C6,C7 22 JLF tantalum capacitor 

R1 24.9-ohm 1 % metal film resistor 
Ll,L2 ferrite bead 
RSEr 1 % metal mm resistor 

Btl04/105 

L1 
1.......0""1"" ___ + SV (Vee) 

Cl 

Vendor Part Number 

Erie RPEl12Z5U104MSOV 
Erie RPEIlOZSU103MSOV 
Johanson Dielectrics X7RSOOS41 W103KP 
Mallory CSR13G226KM 
Dale CMF-SSC 
Fair-Rite 2743001111 
Dale CMF-SSC 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt104/10S. 

Figure 3. Typical Connection Diagram and Parts List (Internal Reference). 
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Btl04/105 

PC Board Layout Considerations (continued) 

ANALOG POWER PLAN!! 

C3 

IOIITI---------'------; 

Location Description Vendor Part Nwnber 

C1 0.1 IJF ceramic capacitor Erie RPE112Z5U104M50V 
C2, C3, C4 0.01 IJF ceramic capacitor Erie RPE110ZSU103M50V 

C5 0.01 IJF ceramic chip capacitor Johanson Dielectrics X7R500S41W103KP 
C6, C7, C8 22 IJF tantalwn capacitor Mallory CSR13G226KM 

Ll,L2 ferrite bead Fair-Rite 2743001111 
R1 I21-ohm 1 % metal film resistor Dale CMF-55C 
R2 24.9-ohm 1% metal film resistor Dale CMF-55C 
R3 6.81K-ohm 1% metal film resistor Dale CMF-55C 
R4 3.65K-ohm 1% metal film resistor Dale CMF-55C 
R5 3.32K-ohm 1% metal film resistor Dale CMF-55C 

RSET 1 % metal film resistor Dale CMF-55C 
Q1 matched transistor pair Intersil IT131 
Q2 matched transistor pair National Semiconductor LM394 
Zl 1.22V voltage reference National Semiconductor LM313 

Note: The above listed vendor nwnbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Btl04/105. Thermal coupling R2 to RSBT minimizes 
drift. 

Figure 4. Typical Connection Diagram and Parts List (ExterntJI Reference). 
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Application Information 

Using the Internal Reference 

The Btl04/l05 has an internal voltage reference to 
simplify design, as illustrated in Figure 3. The full 
scale output current is determined by the value of the 
RSET resistor. The internal reference (VREF) is 
typically 0.68v, but due to process variations has a 
tolerance of approximately ± 10%. Therefore, there 
will be a ± 10% tolerance from device to device, in the 
full scale output current for a given value of RSET. 

As IREF = lOUT 17.892 and IREF * RSET = VREF, 
assuming zero offset of the internal operational 
amplifier, then: 

RSET (ohms) = 5,367 1 lOUT (rnA) 

Using an External Reference 

As illustrated in Figure 4, an external circuit may be 
used to increase the accuracy and temperature 
stability. This configuration disables the internal 
reference, and allows the use of an external 
temperature compensated reference. In this mode of 
operation, an external voltage reference, current 
mirror, and differential transistor pair servos the 
output current as a function of the IREF current. 

The relationship of lOUT IIREF = 7.892 is internally 
maintained by the Btl04/105, and IREF * RSET = 
VREF, assuming zero offset of the operational 
amplifier. An external reference (VREF) from 0.2v to 
0.8v may be used. The equation for finding RSET is: 

RSET (ohms) = 7,892 * VREF (v) /lOUT (rnA) 

Therefore, the required accuracy may be traded off by 
the accuracy of the voltage reference tolerance, 
resistor tolerance, operational amplifier off tolerance, 
and the temperature tracking between these items. 

The voltage reference should have a temperature 
coefficient of less than 25 ppm/oC, while the 
operational amplifier should have the lowest possible 
offset drift. 
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Btl04/105 

Power Dissipation Considerations 

As the Btl04/l05 is a CMOS device, there is a fairly 
linear relationship between the update rate and the 
power dissipation. 

Estimated maximum V AA supply current (IAA) may be 
calculated as follows: 

IAA (rnA) = 
(1.2 rnA per MHz) + (full scale output current in rnA) 

.. 



Btl04il05 

Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-O.5 VAA+O.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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Btl04/10S 

D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 12 12 12 Bits 
Accuracy 

Integral Linearity Error* 1L 
Btl04KC, Btl05KC ±1 LSB 
Btl04LC, Btl05LC ±2 LSB 

Differential Linearity Error IL ±1/2 LSB 
Zero Error FZ 1 IlA 
Full Scale (Gain) Error ID 

Using Internal Reference ± 10 %FSR 
Using External Reference ±1 %FSR 

Monotonicity 
Coding guaranteed Binary 

Digital Inputs 
Input High Voltage VIH 2.0 VAA+0.5 Volts 
Input Low Voltage VlL AGND-0.5 0.8 Volts 
Input High CUlJent (Vin = 2.4v) IlH 1 IIA 
Input Low CUlJent (Vin = 0.4v) IlL -1 IIA 
Input Capacitance CIN 10 pF 

(f = 1 MHz, Vin = 2.4v) 

Analog Output 
Output Current lour 10 40 rnA 
Output Compliance Vo.: - 1.0 + 1.0 Volts 
Output Capacitance cour 25 pF 

(f = 1 MHz, lOUT = 0 rnA) 

Internal Reference Voltage VREF 0.68 Volts 

Power Supply Rejection Ratio PSRR 0.5 %/%tNAA 
(COMP = 0.011J,F, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions". As the above parameters 
are guaranteed over the full temperature range, temperature coefficients are not specified or required. 

*Integrallinearity error is measured using a best-fit algorithm, with adjusted offset and gain. 
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Btl04/10S 

A.C. Characteristics 

Bt104 Bt105 

Parameter Symbol Min Typ Max Min Typ Max Units 

Register Clock Rate Fmax 25 MHz 

Data Setup Time 1 10 ns 
Data Hold Time 2 2 ns 

Clock Cycle Time 3 40 ns 
Clock Pulse Width High Time 4 10 ns 
Clock Pulse Width Low Time 5 10 ns 

Analog Output Delay 6 25 25 ns 
Analog Output RiseIFall Time 7 8 8 ns 
Analog Output Settling Time* 8 

Btl04KC, Btl05KC 25 40 25 40 ns 
Btl04LC, Btl05LC 25 40 25 40 ns 

Clock and Data Feedthrough* - 25 -25 dB 
Glitch Impulse* 100 100 pV - sec 
Differential Gain Error 00 1.5 1.5 %FSR 
Differential Phase Error DP 1.5 1.5 Degrees 

Pipeline Delay 1 1 1 Clock 

V AA Supply Current** IAA 68 75 68 75 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 135 ohms. TTL input 
values are 0 to 3 volts, with input rise/fall times ~ 3 ns, measured between the 10% and 90% points. Timing reference 
points at 50% for inputs and outputs. Analog output load 25 ohms and ~ 10 pF. See timing notes in Figures 5 and 6. As 
the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or required. 

*Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For these 
tests, the digital inputs have a lk-ohm resistor to the regular PCB ground plane and are driven by 74HC logic. Settling 
time does not include clock and data feedthrough. Glitch impulse includes clock and data feedthrough, -3 dB test 
bandwidth = 50 MHz. 

**at Fmax and 30 rnA output current. IAA (typ) at VAA = 5.Ov. IAA (max) at V AA = 5.25v. 
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Btl04/105 

Timing Waveforms 

DO· 011 DATA 

lOIIT 

Note 1: Output delay measured from valid data to the 50% point of full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within the specified IL error. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 5. BI104 Input/Output Timing. 

DO·Dll 

lOur 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within the specified IL error. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 6. Btl05 Inpu(/Output Timing. 

10·15 
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Btl04/105 

Ordering Information 

Integral Ambient 
Model Number Linearity Package Temperature 

Error Range 

Btl04KC, Btl05KC ±lLSB 24-pin 0.3" ()O to +70' C. 
Ceramic 

Sidebraze DIP 

Btl04LC, Btl05LC ±2LSB 24-pin 0.3" ()O to +70' C. 
Ceramic 

Sidebraze DIP 

r--1~-,----------,----,------~-VAA 

>~i-----""'-~ TODAC 

~---r---------NmID 

~ LJ--~~---------------------J 

Figure 7. Equivalent Circuit of the Reference Amplifier. 

Btl04/10S 

-----------1~ VAA 

DO·Dll 

T-25 p1' 
RL 

Figure 8. Equivalent Circuit of the Current Output. 
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Distinguishing Features 

Eight 8-bit 0/ A Converters 
100 ns Settling Time to ± 1 LSB 
± 1 LSB Differential Linearity Error 

• ± 1 LSB Integral Linearity Error 
Guaranteed Monotonic 

• Standard MPU Interface 
• +5v CMOS Monolithic Construction 
• 40-pin DIP or 44-pin PLCC Package 

Typical Power Dissipation: 150 mW 

Functional Block Diagram 

VREF IN VREP COMP \'REF our 

lOUl"8 

FSADJUST4 

COMP<! 

Iotm 

l0UT6 
FSAWUSTI 

COMP. 

IOlJT5 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
LllOOOI Rev. F 

Applications 

Instrumentation 
Test Equipment 
Waveform Synthesis 

• Data Aquisition Systems 

VAA AGND 

IOurl 
FSADJUSTI 

COMP! 

IOU1"2 

IOUI"3 

FSADJUST2 

COMP2 

IOU!"' 
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Bt110 
100 ns 

Monolithic CMOS 

Octal 8-bit 

D/ A Converter 

Product Description 

The BtllO is an octal 8-bit D/A converter. It 
provides eight independent D/A converters 
and has a standard MPU interface. 

The 0/ A converters are arranged in pairs, 
with each pair sharing a common reference 
amplifier. This provides excellent matching 
and stability of the paired 0/ A converters. 

An on-chip voltage reference is provided or 
an external reference may be used. 
Differential and integral linearity errors of 
the 0/ A converters are guaranteed to be a 
maximum of ± 1 LSB over the full 
temperature range. 

II 



Bt110 

Circuit Description 

As illustrated in the functional block diagram, the 
Bt110 contains eight 8-bit D/A converters, eight 
nontransparent (D-type) octal data registers, and MPU 
bus interface logic. Also included on chip are four 
reference amplifiers and a voltage reference. 

The BtllO supports a conventional MPU bus interface 
through the use of the CS*, RD*, WR*, DO - D7, and 
AO - A2 pins. AO - A2 specify which one of the eight 
internal data latches the MPU is accessing. These data 
latches may be written to or read by the MPU at any 
time. The input/output timing is illustrated in Figure 
1. 

The data contained in the data latches are presented to 
the associated D/ A converter and used to specify the 
output current level. The MPU may read these data 
latches to determine what data is present at each D/A 
converter. 

The full scale output current of each pair of D/ A 
converters is set by an external resistor (RSET) 
between the FS ADJUST pin and AGND. FS ADJUSTl 
controls the full scale output current of IOUTl and 
IOUT2, FS ADJUST2 controls the full scale output 
current of IOUT3 and IOUT4, FS ADJUSTI controls 
the full scale output current of lOUTS and IOUT6, and 
FS ADJUST4 controls the full scale output current of 
IOUT7 and lOUTS. 

CS*, AO, AI, A2 =x VALID 

RD·, WR* \ 

DO·D7(READ) < 
DO· D7 (WRITB) X 

The on-chip voltage reference (VREF OUT) may be 
used to provide the reference voltage for the VREF IN 
pin or an external reference circuit may be used. The 
on-chip reference should offer adequate performance 
for most applications. 

Better temperature stability may be attainable by 
using an external voltage reference, such as the 
LM38SBZ-1.2. The use of a resistor network to 
generate the reference voltage is not recommended, as 
any low frequency power supply noise on VREF IN 
will be directly coupled onto the analog outputs. 

The D/A converters on the BtllO use a segmented 
architecture in which bit currents are routed to either 
lOUT or AGND by a sophisticated decoding scheme. 
This architecture eliminates the need for precision 
component ratios and greatly reduces the switching 
transients associated with turning current sources on 
or off. Monotonicity and low glitch are guaranteed by 
using identical current sources and current steering 
their outputs. The on.chip operational amplifiers 
stabilize the full-scale output currents against 
temperature and power supply variations. 

X 
/ 

DATA OUT (RD' = 0) > 
DATAIN(WR'=O) X 

10UT(I'8) 
- ____ ---I~ 

Figure 1. Input/Output Timing. 
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Btll0 

,Pin Descriptions 

Pin Name 

FSADJUST 
(I - 4) 

COMP(1-4) 

IOUT(1-8) 

VREFOUT 

VREFIN 

VREFCOMP 

AGND 

VAA 

CS* 

RD* 

Description 

Full scale adjust controls. A resistor (RSET) between each of these pins and AGND controls the 
full scale output currents. FS ADJUSTl controls the full scale output current for IOUTI and 
IOUT2, FS ADJUSTI controls the full scale output current for IOUT3 and IOUT4, FS ADJUST3 
controls the full scale output current for lOUTS and IOUT6, and FS ADJUST4 controls the full 
scale output current for IOUT7 and IOUT8. 

The relationship between the full scale output current of each Df A and RSET is defined as 
follows: 

RSET(ohms) = 1000 * VREFIN (v) flOUT (mA) 

Compensation pins. These pins provide compensation for the internal reference amplifiers. A 
0.1 ~F ceramic capacitor should be connected between each compensation pin and VAA, as 
illustrated in Figure 2. Decoupling the capacitors to V AA rather than to AGND provides the 
highest possible power supply noise rejection. COMPI provides compensation for IOUTI and 
IOUT2, COMP2 provides compensation for IOUT3 and IOUT4, COMP3 provides compensation 
for lOUTS and IOUT6, and COMP4 provides compensation for IOUT7 and IOUTB. 

High impedance current outputs. These current outputs are designed to drive into a virtual 
ground, such as an operational amplifier. 

Voltage reference output. This output provides a 1.2v (typical) reference, and may be directly 
connected to the VREF IN pin. When used to provide a reference voltage to VREF IN, an 
externallOOO-ohm resistor must be connected between VREF OUT and AGND. 

Voltage reference input. Either an external voltage reference circuit or the VREF OUT pin is used 
to supply this input with a 1.2v (typical) reference. A 0.1 J.l.F ceramic capacitor must be 
connected between this pin and VREF COMPo 

VREF IN compensation pin. A 0.1 J.l.F ceramic capacitor must be connected between this pin and 
VREFIN. 

Analog ground. All AGND pins must be connected. 

Analog power. All V AA pins must be connected. 

Chip select control input (TTL compatible). To enable data to be written to or read from the 
device, this input must be a logical zero. While it is a logical one, DO - D7 are three-stated. Note 
that the BtllO will not function correctly while CS*, RD*, and WR* are simultaneously a 
logical zero. 

Read control input (TTL compatible). To enable data to be read from the device, both CS* and 
RD* must be a logical zero. See Figure I. 
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Btll0 

Pin Descriptions (continued) 

Pin Name 

AO, AI, A2 

WR* 

DO-D7 

VREFCOMP 

VAA 

AGND 

WR' 

NiC 

RD' 

00 

01 

02 

D3 

D4 

OS 

06 

07 

NiC 

NiC 

CS' 

AO 

AI 

A2 

Description 

Select control inputs (TTL compatible). These inputs specify which internal D/A latch will be 
written to or read, as follows: 

A2, AI, AO D/AOutput 

000 IOurl 
001 IOlrr2 
010 lOUD 
011 IOur4 
100 lOurS 
101 IOur6 
110 IOUTI 
111 IOUT8 

Write control input (TTL compatible). To enable data to be written to the device, both CS* and 
WR* must be a logical zero. Data is internally latched on the rising edge of WR* or CS*, 
whichever occurs first. See Figure 1. 

Bidirectional data bus (TTL compatible). Data is transferred into and out of the BtllO over this 
eight bit data bus. DO is the least significant bit. 

40-pin DIP Package 

VAA 

AGND 

VREFour 

VREFIN 

IOtrrl 

IOIIT2 VREFour 

IOun AGND 

IOur4 AGND 

lOurS VAA 

IOur6 VAA 

IOlJT7 VREFCOMP 

lOurs VAA 

COMPI VAA 

COMP2 AGND 

COMP3 AGND 

COMP4 WR' 

FSADJUSTI 

FSADJUST2 

FSADJUST3 

FSADJUST4 

44-pin Plastic J-Lead (PLCC) 
Package 

~ 
'" ~ ~ ~ !5 ~ ~ ~ ~ ~ ~ Sl 9 

g: ~ :;; ~ ~ ~ ::: ~ ;;; ~ 

" " .. s ::: ::l ::l :! :l ~ 

~ 
!!l 

i:: 

~ 8 S '" 8 21 lS is S ~ ~ <=l 

2Il 
'EI 

26 

~ 

:l4 

23 

22 

:u 
20 
19 

18 

Note: N/C pins may be left floating without affecting the performance of the BtllO. 
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COMP3 

COMP4 

FS ADJUST! 

FSADJUST2 

FSADJUST3 

FSADlUST4 

A2 

AI 

AO 

CS' 

NiC 



PC Board Layout Considerations 

PC Board Considerations 

The layout for the BtllO should be optimized for 
lowest noise on the Bt110 power and ground lines by 
shielding the digital inputs and providing good 
decoupling. The lead length between groups of V AA 
and AGND pins should be minimized so as to 
minimize inductive ringing. 

Ground Planes 

The BtllO and any associated analog circuitry should 
have its own ground plane, referred to as the analog 
ground plane. This ground plane should connect to the 
regular PCB ground plane at a single point through a 
ferrite bead, as illustrated in Figure 2. This bead 
should be located within three inches of the Bt110. 

The analog ground plane area should encompass all 
Bt110 ground pins, any external voltage reference 
circuitry, power supply bypass circuitry for the 
BtllO, the analog output traces, and any output 
amplifiers . 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the B t11 O. 

Power Planes 

The Bt110 and any associated analog circuitry should 
have its own power plane, referred to as the analog 
power plane. This power plane should be connected to 
the regular PCB power plane at a single point through 
a ferrite bead, as illustrated in Figure 2. This bead 
should be located within three inches of the BtllO. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all BtllO power pins, 
any external voltage reference circuitry, and any 
output amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged. such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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BtllO 

Supply Decoupling 

For the best performance, a 0.1 I1F ceramic capacitor 
should be used to decouple each V AA pin(or group of 
V AA pins if they are adjacent) to the adjacent AGND 
pins. The capacitor should be placed as close as 
possible to the device. 

A 0.1 I1F ceramic capacitor must also be connected 
between each COMP pin (COMPI - COMP4) and V AA. 

These capacitors should be placed as close as 
possible to the device. 

A 0.1 I1F ceramic capacitor must also be connected 
between the VREF COMP pin and the VREF IN pin. 
This capacitor should be placed as close as possible to 
the device. 

It is important to note that while the Btll0 contains 
circuitry to reject power supply noise, this rejection 
decreases with frequency. If a switching power supply 
is used, the designer should pay close attention to 
reducing power supply noise and consider using a 
three terminal voltage regulator for supplying power 
to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Btll 0 should be isolated as 
much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The BtllO should be located as close as possible to 
the output amplifiers. Also, any external voltage 
reference circuitry should be as close as possible to 
the Bt110 to avoid noise pickup. 

The analog output signals should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

• 
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PC Board Layout Considerations (continued) 

L1 
aJRRENTmVOLTAGBCONVBRTBRS 

+SV __ =-J r····································· .... ············· 
i 

GROUND 

C! 

L2 

: 
: 
i 

IOlIT! 1--+---+---1 

IOlIT2 1--+----------1-­
IOIIT3 

IOlIT4 1--+----------1-­
i 

IOlITS i······················································· 
IOlIT6 1--+----------1--
IOun ••••••••••••••••.•••••••••••••••••••••••••••••••••••••• 

lOUTS 1--+----------1--
: ...................................................... . 

DO·07 RD'" WR'" CS'" AO-A2 

MPUDATABUS--------------L---+-~I-~----~-------------

MPUCONTROLBUS ------------------4-~~~----~-------------

MPU ADDRESS BUS ----j-----;:::====:;---i----+--------------

Location Description Vendor Part Number 

C1-C8 0.1 J-LF ceramic capacitor Erie RPE112Z5U104M50V 
C9 22 J-LF tantalum capacitor Mallory CSR13G226KM 

Ll.L2 ferrite bead Fair-Rite 2743001111 
Rl lOOO-ohm I % metal film resistor Dale CMF-55C 

RSET(I-4) I % metal film resistors Dale CMF-55C 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Btll O. 

Figure 2. Typical Connection Diagram and Parts List (Internal Reference). 
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Application Information 

External Voltage Reference 

For improved temperature stability, an external 
voltage reference may be used with the BtllO, as 
shown in Figure 3. In this instance, the VREF OUT 
pin should remain floating. The temperature stability 
of the internal reference is equivalent to about 1/4 
LSB. 

VAA 

0.1 

VREF ---~ 

Figure 3. External Voltage Reference. 

VIN 

Dtll0 

Programmable Window Comparator 

The window comparator of Figure 4 is a circuit that 
may be used to determine whether the input voltage 
(Vin) lies within predefmed limits. Using the BtllO, 
up to four programmable window comparators may be 
implemented. 

One DAC of the matched pair is used to set the low 
limit and the other DAC is used to set the high limit. 
Thus, each pair of DACs form a window of 
programmable size. The output will be high while 
Vlow S Yin S Vhigh. 

For a RSET value of 1200 ohms and a VREF IN 
voltage of 1.2v, the Btll 0 outputs a full scale output 
current of approximately 1 rnA onto lOUTI and 
lOUn. The lK-ohm resistor generates a Ov to Iv 
output voltage (for DAC codes $00 to $FF), which is 
amplified to Ov to 5v (5x) by the LM358 dual 
operational amplifier. In this configuration, the 
LM358 is operating from a single +5v power supply. 

The LM319 dual comparator is also operating from a 
single +5v power supply and compares the Vlow and 
Vhigh voltage levels to Yin. The 500-ohm pull-up 
resistor is necessary as the LM319 has open-collector 
outputs. 

+sv 

TIL 0IlTPIIT 
"I" INW1NDOW 

Figure 4. Programmable Window Comparator. 
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Application Information (continued) 

Programmable Power Supply 

The BtllO, when used with an external operational 
amplifier and power transistor, provides a way of 
generating voltages and currents outside of the 
BtllO's normal capability. Figure 5 illustrates a Ov 
to IOv programmable power supply. 

For a RSET value of 1200 ohms and a VREF IN 
voltage of l.2v, the BtllO outputs a full scale output 
current of approximately 1 mA onto IOUTl. The 
1K-ohm resistor is used to generate a Ov to Iv output 
voltage from the Bt110 (for DAC codes $00 to $FF). 
One of the operational amplifiers in the LM358 (AI) 
is used to multiply the voltage at IOUTl by lOx, 
resulting in a Ov to 10v range. In this configuration, 
the LM358 is operating from a single +15v power 
supply. 

The other operational amplifier in the LM358 (A2) is 
used as a buffer and driver for the TIP31 transistor. RS 
is the current limiting resistor to shut down the output 
in case of an overload. The correct value for RS is 
determined as follows: 

RS = 0.7/IOUTmax 

VAA 

For output voltages down to or near Ov, it is necessary 
to use a CMOS operational amplifier with a very low 
saturation voltage, or a plus/minus power supply and 
a bipolar operational amplifier to allow for output 
saturation which is typically 2v to 3v below the 
supply voltage. 

Driving Active Devices 

If the Bt110 is driving an active device whose supply 
is outside the Ov to 5v range, the analog output(s) 
should be clamped to V AA (see Figure 5). 

+lSV 

RS 

~----~IV--+---------~--------VoUT 

Figure 5. Programmable Power Supply. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VM 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA 0 +70 ·C. 
Reference Voltage VREFIN 1.0 1.2 1.3 Volts 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-O.5 VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ 

Ceramic Package + 175 ·C. 
Plastic Package + 150 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds. 1/4" from pin) 

Vapor Phase Soldering TVSOL 220 ·C. 
(1 minute) 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) S S S Bits 
Accuracy (each DAC) 

Integral Linearity Error lL ±1 LSB 
Differential Linearity Error IL ±1 LSB 
Full Scale (Gain) Error B3 

Using Internal Reference ± 10 %ofFSR 
Using External Reference ±S %ofFSR 

Zero Error El 5 IJA 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage VlH 2.0 VAA + 0.5 Volts 
Input Low Voltage VlL AGND-0.5 O.S Volts 
Input High Current IIH 1 IJA 

(Yin = 2.4v) 
Input Low Current IlL - 1 IJA 

(Vin = 0.4v) 
Input Capacitance CIN 10 pF 

(f = I MHz, Vin = 2Av) 

Digital Outputs (DO - D7) 
Output High Voltage VOH 2.4 Volts 

(lOH = -SOO IJA) 
Output Low Voltage VOL 0.4 Volts 

(lOL = 6.4 rnA) 
3-state Current IOZ 1 IJA 
Output Capacitance COOUT 10 pF 

Analog Outputs 
Output Current I rnA 
DAC to DAC Matching 2 5 % 
Output Compliance VOC - 1.0 + 1.2 Volts 
Output Impedance RAOUT 125 Kohms 
Output Capacitance CAOur 20 pF 

(lOUTI - lOUTS = 0 rnA) 

Reference Output Voltage VREFOUT 1.05 1.17 1.29 Volts 
Reference Output Current IREFOUT 1.2 rnA 
Reference Input Current IREFlN 10 IJA 

Power Supply Rejection Ratio PSRR 0.3 %/%t.VAA 
(COMP = 0.1 ~, f = 1 KHz) 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 1000 ohms, 
VREF IN = I.Ov. As the above parameters are guaranteed over the full temperature range, temperature 
coefficients are not specified or required. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Conversion Rate Tmax 100 ns 

CS*, AO, AI, A2 Setup Time 1 30 ns 
CS*, AO, AI, A2 Hold Time 2 5 ns 

WR*LowTime 3 30 ns 
RD*, WR * High Time 4 20 ns 
RD* Asserted to Data Bus 

Driven 5 10 ns 
RD* Asserted to Data Valid 6 60 ns 
RD* Negated to Data Bus 3-Stated 7 40 ns 

Write Data Setup Time 8 20 ns 
Write Data Hold Time 9 10 ns 

Analog Outputs 
Analog Output Delay 10 15 ns 
Analog Output Rise/Fall Time 11 

into 50 ohms 10 ns 
into lK ohms 350 ns 

Analog Output Settling Time 12 
into 50 ohms 100 ns 
into lK ohms 800 ns 

Data Feedthrough - 30 dB 
Glitch Impulse 75 pV - sec 
DAC to DAC Crosstalk - 25 dB 

V AA Supply Current* IAA 30 38 rnA 

Test conditions (unless otherwise specified): "Recommended Operating Conditions" with RSET = 1000 ohms, 
VREF IN = l.Ov. TTL input values are 0 to 3 volts, with input rise/fall times s 3 ns, measured between the 10% 
and 90% points. Timing reference points at 50% for inputs and outputs. Analog output load S 10 pF into a 
virtual ground, DO - D7 output load S 130 pF. See timing notes in Figure 6. As the above parameters are 
guaranteed over the full temperature range, temperature coefficients are not specified or required. 

*IAA (typ) at VAA = 5.Ov. IAA (max) at VAA= 5.25v. 
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Ordering Information 

Ambient 
Model Number Package Temperature 

Range 

Btll0KC 40-pin 0.6" O· to +700 C. 
CERDIP 

BtllOKPI 44-pin Plastic O· to +700 C. 
I-Lead 

Timing Waveforms 

2 

CSO• IJl, AI. A2 VALID 

DO· JY1 (RBAD) 

DO· JY1 (WRD1I) DATA IN (WRO = 0) 

12 

IOUf(I·8) 

Note 1: Output delay measured from the rising edge of WR* to the 50% point of full scale 
transition. 

Note 2: 

Note 3: 

Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1 LSB. 

Output rise/fall time measured berween the 10% and 90% points of full scale transition. 

Figure 6. Input/Output Timing. 
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Device Circuit Data 

r-~r--------_-_- VAA 

VREFIN 

FSADJUST 

>--H--- TODACS 

lFEEDBACK 

'----<l>---'---+-AGND 

Figure 7. Equivalent Circuit of the Reference Amplifier. 

Btll0 

-----~..- VAA 

DO-07 

IOIIT 

T -20pF f q",.y + load} 

Figure 8. Equivalent Circuit of the Current Outputs. 
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Bmddree® 

This section describes the Brooktree Military 883C 
Program, which was developed for the screening and 
processing of integrated circuits in accordance with 
MIL-STD-883C, Class B. The program is intended to 
provide the user with the ability to procure 
standardized, off-the-shelf integrated circuits from 
Brooktree Corporation that are fully compliant to 
MIL-STD-883C, Class B. 

1.0 Applicable Documents 

The following specifications and standards, of the 
issue in effect on the date of invitation for bids or 
request for proposal, form a part of this specification 
to the extent specified herein. 

1.1 Specifications 

Military 
MIL-M-55565 Microcircuits, Packaging of 
MIL-M-38510 General Specification for 

Microcircui ts 

1.2 Standards 

Military 
MIL-STD-I05 
MIL-STD-883 

Sampling Procedures and Tables 
Test Methods and Procedures for 

Microelectronics 

1.3 Detail Specifications 

The detail specification for a particular 883C 
integrated circuit is the Brooktree Device Test 
Specification (DTS), an example of which is shown in 
Figure 1. The DTS is a detailed listing of the 
parameters, forcing functions, and lower/upper limits 
on the test tapes used to test 883C integrated circuits. 

In the event of conflicting requirements, the order of 
precedence will be the purchase order, the DTS 
specification, and then the reference documents. 

LOOOOOI Rev. D 11 - 5 
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2.0 General Requirements 

The individual requirements are specified herein and in 
accordance with the applicable detail specification. 
The static and dynamic electrical performance 
requirements for the integrated circuit and electrical 
test methods are as specified in the detail 
specification. 

2.1 Process Conditioning, Testing, 
Reliability, and Quality Assurance 
Screening 

Process conditioning, screening, and testing are as 
specified in Section 4.0. Figure 2 illustrates the 
process flow chart for MIL-STD-883C, Class B 
products. 

2.1 .1 Qualification 

The 883C integrated circuits furnished under this 
specification are products which have passed the 
qualification tests specified herein. Successful 
qualification for a given level results in qualification 
approval for that level and all lower product assurance 
levels of that device (reference Appendix E 
MIL-M-3851O). 

2.1.2 Alternate Qualifications 

In lieu of meeting the requirements of 2.1.1, 
Brooktree may establish qualification by performing 
an initial, one time qualification test. Qualification 
testing shall be performed on each generic family 
supplied. Upon successful completion of the 
qualification pro gram, the product shall remain 
qualified for a period not to exceed 12 months. 

2.1.3 Product or Process Change 

Brooktree will not implement any major change to 
the design, materials, construction, configuration, or 
manufacturing process which may affect the 
performance, quality, reliability, or 
interchangeability of the circuit without full or partial 
requalification. 

2.2 Quality Conformance Inspection 

The 883C integrated circuits furnished under this 
specification are products which have been produced 
and tested in conformance with all the provisions of 
this specification for the applicable level. Devices 
which have been accepted as conforming to a given 
product assurance level may be furnished as 
conforming to any other level for which they meet or 
exceed the quality conformance requirements. 

.. 



Table 1 - DX90 Test Program 

""l aQ. Te.til Charactcri.tic Symbol Test Condition. 

I:: .., 
'" 

9000.1 VDD continuity VIS clamp at ±2v (note 4) 

9000.2 VAA continuity VI2 clamp at ±2v (note 4) 

!-' 9000.3 input continuity (digital pins) Vll clamp at ±2v (note 4), forc:e -100 j.IA 
I digital supply current IDD n ... 1 

~ 
~ 

101 
201 

2 analog supply cunmt IAA n"",1 
Q 
..... 
~ 
'" 

3 VREP VREP Dote 2 
4 worst cue bit currmt I1H digitol inpub = VDD 

(V"m = VDD) 
5 worse cue bitClllmllt Ill. digital inputs = Ov 

(Vin= Ov) 

t:I 6 sync voltage level YSYNC blank, sync, ref white low; all DO • D7 

'" '" 1;. 

'" 

high (nole 3) 
7 sync""","" !SYNC blank, ref white low; II)'DC. all DO - D7 

high (ow: 3) wing ISYNC fcmnuia 
8 ISYNC compliaDoo same condition using sync complimce 

..... 
'" '" ... 

(-1.2v to +1.2v) formula 
11 blonk lcvd vol .... (pen) VBIANK bluk,:ref white low; sync, all DO - D7 

high (nOIe 3) 
0'< 12 n:fercnc:e black cunent (green) IB1ACK ICC white, all DO - D7 low; sync, blank 

r" 

"'" '" '" 

high. (note 3) winS mLACK formula 
13.0 foll ocal. cnor (pen) IPS all DO - rn low; ref whhe, sync, blank 

hish (note 3) using FS ERROR fonnuJa 

s 
'" 

13.1 Mratio(pcn) ~ conditions u above using M RATIO 
fommla 

~ ... <S. 
::I 

13.2 M natio error (green) sarnt conditions .. above using M RATIO 
error formula 

14.0 intcrgral linearity (areen) IL mf white loW; sync., blank high (note 3) 
USlDg linearity algorithm 

B 14.1 worst code (g:rccn) code that msuhed ttl highest absolute n. 
.no, 

~ 
15.0 diffcrentialline.nty (green) IL same condibollS as above using liDcarity 

a1gonthm 
15.1 wol'ltcode (g:rccn) code that msulted in higheR absolute DL 

~ 
~ 
~ 

~ 
~ 

• no' 
16 power supply mjcction ratio at PSSR data and control p1DS high; RS at 120 Hz 

120 Ht ( ..... > SOO mY p-p using PSSR algorithm 
17 power supply mjcction ratio at PSSR data and control pins high; RS at 1 KHz 

IKHz( ..... ) SOO mY p-p using PSSR algorithm 
18 complianco, delta n. at 8P, Iv mf white loW; sync., blank hlp (note 3) 

to 1.6v ("....) using data compliana: algorithm 
-

Final LimitsQA CDrr 
Min Max Min Max Delta Unit 

·900 500 ·900 500 mY 
·900 500 ·900 500 mY 
·970 ·25 ·970 ·25 mY 
6.0 49.0 5.0 50.0 1.0 mA 

51.0 84.0 50.0 85.0 1.0 mA 
1.161 1.239 1.16 1.24 0.002 Y 
• OJ 0.8 ·1.0 1.0 0.2 J1A 

·OJ 0.8 ·1.0 1.0 0.2 J1A 

• OJ 0.8 ·1.88 1.88 1.0 mY 

6.8 8.8 6.30 8.96 0.02 mA 

·0.25 0.25 ·03 0.3 0.1 mA 

• OJ 0.8 - 1.88 1.88 1.0 mY 

0.97 1.88 0.95 1.90 0.02 mA 

.4.4 4.4 ·5.0 5.0 0.6 "FSR 

nODC n ... .... . ... 
n ... Done none none 

.0.9 0.9 ·1.0 1.0 0.08 LSD 

none .... no .. nonc 

·0.9 0.9 ·1.0 1.0 0.08 LSD 

n ... none n ... none 

·0.25 0.25 ·03 0.3 0.05 _YAA 

_ 0.45 0.45 ·05 0.5 0.05 _YAA 

·05 0.5 ·0.7S 0.75 0.2 LSD 

P88C 1 of7 

MctriMax Fail 
Rm .. AVIS Bin 

2v I 7 
2v I 7 
2v I 7 

120mA I 10 

lSOmA I 10 
3mA I 11 

100 J1A I 12 

100 J1A I 12 

O.Sv 12 12 

0.5v I 12 

2v 12 12 

0.5v 12 13 

Iv 12 14 

Iv 12 IS 

Iv 12 

Iv 12 

Iv 12 17 

Iv 12 

Iv 12 17 

Iv 12 17 

400 mY 1 18 
p.p 

400mV I 18 
p.p 
Iv 38 19 

08/05/86 

YAAoodVDD 
pus I pus 2 

eo"" ·100 J1A 
eo"" ·100 J1A 

Ov Ov 
4.75v S.lSv 

Pins 

10 
30 

not 5 
10 

30 
IS 

not 5 

lilt 5 

31 

31 

31 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

32 

~ _. -_. 
""'" ~ .., 
~ 

QO 
QO 
W 
C1 

~ 
~ 



Wafer Fabrication 

1 
Precap Visual Inspection 

Method 2010 Cond. B 

I 
Sealing 

I 
Temperature Cycling 

Method 1010 Condo C 

I 
Constant Acceleration, 

Method 2001, YI Orientation Only 

I 
Fine Leak Test 

Method 1014 Condo A or B 

I 
Gross Leak Test 

Method 1014 Condo C 

I 
Interim Electricals at 25° C. per DTS (optional) 

I 
Bum-in Test 

Method 1015 Condo A, B, C, or D 
160 hours at 125° C. 

I 
Interim Electricals at 25° C per DTS 

PDA=5% 

i 
Final Electrical Test per DTS 

DC (includes functional tests) at 125°, 25°, _55° C. 
Switching at 25° C. 

I 
Lot Qualification 

Method 5005, Group A, B, C, D 

I 
External Visual 
Method 2009 

Military 883C 

Figure 2. Product Screening Flow per MIL-STD-883C, Class B. 
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2.3 Marking 

2.3.1 Marking Each Device 

The following marking is placed on each integrated 
circuit: 

a) Index point (see 2.3.4) 
b) Part number (see 2.3.5) 
c) Inspection or Identification code (see 2.3.7) 
d) Manufacturer's identification (see 2.3.8) 
e) Compliance Indicator "c" (see 2.3.9) 
t) Country of Origin (see 2.3.10) 
g) Die Fabrication Date code (see 2.3.11) 

2.3.2 Marking on Initial Container 

All of the marking specified in 2.3.1, except the 
index point, appear on the initial protection or 
wrapping for deliVery. 

2.3.3 Marking Permanence 

Marking is permanent in nature and will remain 
legible after testing. Damage to marking caused by 
mechanical flXturing in Group B, C and D tests are not 
cause for lot rejection. 

2.3.4 Index Point 

The index point indicating the starting point for 
numbering of leads and/or mechanical orientation of 
the integrated circuit may be a tab, color dot, or other 
suitable indicator. 

2.3.5 Part Number 

The part number is the Brooktree generic part number 
with /883 attached at the end. 

2.3.6 Formation of Lots 

Integrated circuits are assembled into inspection lots 
in accordance with MIL-M-385 10. 

2.3.7 Inspection or Identification Code 

Integrated circuits are marked by a 4-digit date code 
indicating the date the lot was sealed, and a 3-digit lot 
identification code. The codes provide for a method of 
traceability of product bistory. 

11- 8 

2.3.8 Manufacturer's Identification 

These integrated circuits are marked with the name, 
logo, or trademark of Brooktree Corporation. 

2.3.9 Compliance Indicator "c" 

The letter "c" will be marked on the topside of the 
device indicating the product is in compliance with 
MIL-STD-883C, paragraph 1.2.1. 

2.3.10 Country of Origin 

Each device will be marked with the country in which 
the product was assembled. 

2.3.11 Die Fabrication Date Code 

Each device will be marked with a two digit 
Numeric/Alpha code indicating the year and quarter in 
wbich the wafer fabrication process was completed. 

3.0 Conditions and Methods of Test 

Conditions and methods of test are in accordance with 
Method 5004 of MIL-STD-883 and as specified herein 
on a 100% basis. The general requirements of 
MIL-STD-883 apply as applicable. This section 
establishes the stress screening tests and quality 
conformance inspection tests for this program. The 
purpose of these tests is to assure the quality and 
reliability of the product to a particular process level 
commensurate with the product's intended 
application. 

3.1 Internal Visual Inspection (Precap) 

Internal visual inspection is performed per 
MIL-STD-883, Method 2010, Condition B. 

3.2 Temperature Cycling 

Temperature cycling is performed per MIL-STD-883, 
Method 1010, Condition C, 10 cycles, from _65 0 C. 
to +1500 C. 

3.3 Constant Acceleration 

Constant acceleration is performed per 
MIL-STD-883C, Method 2001, YI Orientation only. 
Condition E will be performed unless Condition D is 
allowed. 



3.4 Hermeticity 

Henneticity tests are perfonned per the following: 

3.4.1 Fine Leak Testing 

Fine leak testing is perfonned per MIL-STD-883, 
Method 1014, Condition A or B. The criterion for 
rejection is in accordance with MIL-STD-883. 

3.4.2 Gross Leak Testing 

Gross leak testing is perfonned per MIL-STD-883, 
Method 1014, Condition C. The rejection criterion is 
in accordance with MIL-STD-883. 

3.5 Interim Electrical Parameters 

Interim electrical parameters are the 25° C. DC 
parameters, specified in the detail specification. 
Interim electrical parameters are performed at 
Brooktree's option. 

If interim electrical parameter tests are performed 
prior to burn-in, failures resulting from preburn-in 
screening are excluded from the PDA. If interim 
electrical parameter tests prior to burn-in are omitted, 
all screening failures are included in the PDA. The 
verified failures of Group A, subgroup 1 after burn-in 
in that lot are used to determine the percent defective 
for that lot, and the lot is accepted or rejected based on 
thePDA. 

3.6 Burn-in 

Burn-in is performed per MIL-STD-883, Method 
1015, Conditions A, B, C, or D. Bum-in condition 
varies with product type. Bum-in is performed for 
160 hours at 125° C. 

3.7 Final Electrical Parameters 

Final electrical parameters are as specified in the 
applicable detail specification. DC testing is 
perfonned at 25° C, _55° C. and 125° C. Switching 
testing is performed at 25 °C. The PDA (Percent 
Defective Allowable) shall be 5% maximum and shall 
only apply to DC measurements at 25° C. 

3.8 External Visual Inspection 

All 883C integrated circuits receive external visual 
inspection per MIL-STD-883, Method 2009. 
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4.0 Quality Assurance Provisions 

4.1 Quality Conformance Inspection 

Quality confonnance inspection is in accordance with 
Groups A and B. Inspection lot sampling is in 
accordance with Method 5005 of MIL-STD-883. 
Inspection lots failing to meet quality confonnance 
inspection for a given product assurance level are 
rejected. Sample selection is in accordance with 
MIL-M-38510. 

4.1.1 Group A Inspection 

Group A inspection consists of the electrical 
parameters in the DTS and is perfonned on each lot. If 
an inspection lot is made up of a collection of 
sublots, each sublot is subjected to Group A, as 
specified. Group A may be done in·line. 

4.1.2 Group B Inspection 

Group B inspection consists of construction testing 
and is perfonned on each unique date code lot. This 
sample test sequence includes, resistance to solvents, 
bond strength, and solderability. Group B qualifies 
the inspection sublot from which the sample is 
selected and all devices manufactured within the same 
inspection lot in the same package on the same 
assembly line. Group B may be done in-line. 

4.1.3 Group C Inspection 

Group C inspection consists of die stress testing. 
This sample test sequence includes operating life, and 
end point electricals. Group C qualifies the lot from 
which the sample is selected and all generically 
similar die type for a period of one year. 

III 
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Test Quantity I (accept no.) 

Subgroup 1 
Static tests at 25° C. 116 (0) 

Subgroup 2 
Static tests at maximum rated operating temperature 116 (0) 

Subgroup 3 
Static tests at minimum rated operating temperature 116 (0) 

Subgroup 4 
Dynamic tests at 25° C. 116 (0) 

Subgroup 5 
Dynamic tests at maximum rated operating 116 (0) 
temperature 

Subgroup 6 
Dynamic tests at minimum rated operating temperature 116 (0) 

Subgroup 7 
Functional tests at 25° C. 116 (0) 

Subgroup 8 
Functional tests at maximum and minimum rated 116 (0) 
operating temperature 

Subgroup 9 
Switching tests at 25° C. 116 (0) 

Subgroup 10 
Switching tests at maximum rated operating 116 (0) 
temperature 

Subgroup 11 
Switching tests at minimum rated operating 116 (0) 
temperature 

Table I. Group A Inspection (Electrical Tests). 
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Test Method Conditions Quality / (accept no.) 
orLTPD 

Subgroup 2 
Resistance to solvents 2015 4 (0) 

Subgroup 3 (Note 1) 2003 or 
Solderability 2022 Soldering temperature of 245°C ± 5° C. 10 

Subgroup 5 (Note 2) 
Bond strength 2011 Condition C or D 15 

Note 1: The LTPD for solderability test applies to the number of leads inspected, except no less than 3 devices shall be 
used to provide the number of leads required. 

Note 2: The LTPD for bond strength test is the number of bond pulls selected from a minimum of 4 devices. 

Table II. Group B Inspection. 
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Test Method Conditions L1PD 

Subgroup 1 
Operating life test 1005 Test conditions to be specified 5 

(1,000 hours at 125° C.) 
End point electrical parameters As specified per applicable DTS* 

(subgroup 1 of Group A) 

* Device Test Specification 

Table Ill. Group C Inspection (Die Related Tests). 
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Test Method Conditions Quality I (accept no.) 
orLTPD 

Subgroup 1 
Physical dimensions 2016 15 

Subgroup 2 
Lead integrity 2004 Test conditions B2 (lead fatigue) IS 

Leadless chip camer package Condition D 
Seal (fme and gross) 1014 All applicable 

Subgroup 3 
Thennal shock 1011 Test condition B -- 15 cycles IS 
Temperature cycling 1010 Test condition C -- 100 cycles 
Moisture resistance 1004 
Seal (fine and gross) 1014 All applicable 
Visual examination Criteria per 1004 and 1010 
End point electrical parameters All specified per applicable DTS* 

(subgroup 1 of Group A) 

Subgroup 4 
Mechanical shock 2002 Test condition B 15 
Vibration, variable frequency 2007 Test condition A 
Constant acceleration 2001 Test condition E, Y1 axis 
Seal (fine and gross) 1014 All applicable 
Visual examination Criteria per 1010 

End point electrical parameters All specified per applicable DTS * 
(subgroup 1 of Group A) 

Subgroup 5 
Salt atmosphere 1009 Test condition A 15 
Seal (fine and gross) 1014 As applicable 
Visual examination Criteria per 1009 

Subgroup 6 3 (0) or 
Internal water vapor content 1018 5,000 ppm maximum water content 5 (1) 

at 100· C. III 
Subgroup 7 15 
Adhesion of lead finish 2025 

Subgroup 8 5 (0) 
UdTorque 2024 

* Device Test Specification 

Table IV. Group D Inspection (Package Related Tests). 
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4.1.4 Group D Inspection 

Group D testing further stresses the package and the 
die. The Group D tests include physical dimensions, 
lead integrity, hermeticity, thermal shock, 
temperature cycling, moisture resistance, mechanical 
shock, vibration variable frequency, constant 
acceleration, salt atmosphere, visual examination, 
and end point electricals (see Table IV). Group D 
qualifies the lot from which the sample is selected and 
all generically similar devices built in the same 
package and assembled by the same vendor for a 
period of one year. 

5.0 Data and Reports 

5.1 Certificate of Compliance 

All 883C integrated circuits shipped are accompanied 
by a Certificate of Compliance. 

5.2 Quality Conformance Reports 

Quality conformance data for Group A, B, C, and D 
testing, and the device test specifications, is not 
normally provided, but is retained on file. Copies are 
available at no cost. 

5.3 Traceability 

Traceability is in accordance with MIL-M-385 10. 
Each integrated circuit is traceable to the production 
lot. Reworked or repaired circuits maintain 
traceability . 

11-14 

6.0 Packaging 

Packing and packaging are in accordance with 
MIL-M-38510. 

7.0 Custom Marking 

Dual marking is allowable, since the 883C integrated 
circuits are fully compliant with Methods 5004 and 
5005 of MIL-STD-883, and are typically fully 
compliant to Source Control ISpecification Control 
Drawings prepared in accordance with MIL-STD-883. 



Distinguishing Features 

, 30 MHz Pipelined Operation 
, Triple 8-bit D/A Converters 
, ± 1 LSB Differential Linesrity Error 
, ± 1 LSB Integral Linesrity Error 
, Guaranteed Monotonic 
, RS-343AJRS-170 Compatible Outputs 
, +5v CMOS Monolithic Construction 
, 4O-pin Ceramic Sidebraze DIP Package 
, Typical Power Dissipation: 700 mW 

Functional Block Diagram 

FSADJUST 

CLOCK 

VRBP 

Applications 

, High Resolution Color Graphics 
, CAE/CAD/CAM Applications 
, Image Processing 
, Video Reconstruction 
, Instrumentation 

L---':"~r=F-T- COMP 

, 
RO-R7 >---r-" lOR 

R 
E 

GO-G7 G >---r_"100 
I 
S 

B T 
BO-B7 E >---r-" lOB 

R 
SYNC· 

ISYNC 
BLANK' 

REFWHITB 

VAA AOND 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Ll01MOI Rev. E 11 - 15 

Btl0l/883 
MIL-STD-883C, Class B 

Monolithic CMOS 

30 MHz Triple 8-bit 

VIDEODAC"M 

Product Description 

The BtlOI/883 is a triple 8-bit VIDEODAC, 
designed specifically for high performance, 
high resolution color graphics. 

Available control inputs include sync, 
blank, and reference white. The reference 
white input forces the analog outputs to the 
reference white level, regardless of the data 
inputs. 

An external 1.2v voltage reference and a 
single resistor control the full scale output 
current. The sync, blank, and reference white 
inputs are pipe lined to maintain 
synchronization with the digital input 
data. 

The BtlOl/883 generates RS-343A 
compatible video signals into a 
doubly-terminated 75-ohm load, and RS-170 
compatible video signals into a 
singly-terminated 75-ohm load, without 
requiring external buffering. Both the 
differential and integral linearity errors of 
the D/ A converters are guaranteed to be a 
maximum of ± 1 LSB over the full 
temperature range. III 



Btl0l/883 

Circuit Description 

As illustrated in the functional block diagram, the 
Bt101/883 contains three 8-bit D/A converters, input 
registers, and a reference amplifier. 

On the rising edge of each clock cycle, as shown 
below in Figure 1, 24 bits of color information (RO -
R7, GO - G7, and BO - B7) are latched into the device 
and presented to the three 8-bit D/A converters. The 
REF WHITE input, also latched on the rising edge of 
each clock cycle, forces the inputs of each D/A 
converter to $FF. 

Latched on the rising edge of CLOCK to maintain 
synchronization with the color data, the SYNC* and 
BLANK* inputs add appropriately weighted currents 
to the analog outputs, producing the specific output 
levels required for video applications as illustrated in 
Figure 2. Table 1 details how the SYNC*, BLANK*, 
and REF WHITE inputs modify the output levels. 

The ISYNC current output is typically connected 
directly to the lOG output and is used to encode sync 
information onto the lOG output. If ISYNC is not 
connected to the lOG output, sync information will 
not be encoded on the green channel, and the lOR, 
lOG, and lOB outputs will have the same full scale 
output current. 

RO·R7, oo-G7, BO·B7, 
SYNC·. BLANK·. REF WHITE 

[oR, [00, lOB, [SYNC 

Full scale output current is set by an external resistor 
(RSET) between the FS ADJUST pin and AGND. RSET 
has a typical value of 542 ohms for generation of 
RS-343A video into a 37.5-ohm load. The VREF input 
requires an external 1.2v (typical) reference. For 
maximum performance, the voltage reference should 
be temperature compensated and provide a 
low-impedance output. 

The D/A converters on the Bt101/883 use a segmented 
architecture in which bit currents are routed to either 
the output or AGND by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full-scale output current 
against temperature and power supply variations. 

The analog outputs of the Bt101/883 are capable of 
directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 

Figure I, Input/Output Timing, 
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Circuit Description (continued) 

RED. BLUE GREEN 

MA V MA V 

19.05 0.714 26.67 1.000 -r--____ "'-----------____ ~--- WHITE LBVBL 

1.44 0.054 9.05 0.340 -+------+-------jf--------- BLACK LBVBL 

7.5 IRE 

0.00 0.000 7.62 0.286 -+-------1--,,--.---''---------- BLANK LBVBL 

40 IRE 

0.00 0.000 
-!.. _______ --''---'-__________ SYNC LBVBL 

Note: 75-ohm doubly-tenninated load, RSET = 542 ohms, VREF = 1.2v. ISYNC connected to lOG. RS-343A levels 
and tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveforms. 

Description lOG 10R,IOB REF SYNC* BlANK* DAC 
(mA) (mA) WHITE Input Data 

WHITE 26.67 19.05 1 1 1 $xx 
WHITE 26.67 19.05 0 1 1 $FF 
DATA data + 9.05 data + 1.44 0 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 0 1 data 
BLACK 9.05 1.44 0 1 1 $00 
BLACK-SYNC 1.44 1.44 0 0 1 $00 
BlANK 7.62 0 x 1 0 $xx 
SYNC 0 0 x 0 0 $xx 

Note: Typical with full scale lOG = 26.67 rnA. RSET = 542 ohms, VREF = 1.2v. ISYNC connected to 
lOG. 

Table 1. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC'" 

REFWHIfE 

RO - R7, 
00-07, 
BO-B7 

CLOCK 

lOR, lOG, lOB 

ISYNC 

FSADJUST 

Description 

Composite blank control input (TIL compatible). A logical zero drives the lOR, 100, and lOB 
outputs to the blanking level, as illustrated in Table 1. It is latched on the rising edge of 
CLOCK. When BLANK* is a logical zero, the RO - R7, 00 - 07, BO - B7, and REF WHITE inputs 
are ignored. 

Composite sync control input (TIL compatible). A logical zero on this input switches off a 40 
IRE current source on the ISYNC output (see Figure 2). SYNC* does not override any other 
control or data input, as shown in Table 1; therefore, it should be asserted only during the 
blanking interval. It is latched on the rising edge of CLOCK. 

Reference white control input (TTL compatible). A logical one on this input forces the lOR, 
100, and lOB outputs to the white level, regardless of the RO - R7, GO - 07, and BO - B7 inputs. 
It is latched on the rising edge of CLOCK. See Table 1. 

Red, green, and blue data inputs (TIL compatible). RO, 00, and BO are the least significant data 
bits. They are latched on the rising edge of CLOCK. Coding is binary. Unused inputs should be 
connected to either the regular PCB power or ground plane. 

Clock input (TIL compatible). The rising edge of CLOCK latches the RO - R7, 00 - 07, BO - B7, 
SYNC*, BLANK*, and REF WHITE inputs. It is typically the pixel clock rate of the video 
system. It is recommended that the CLOCK input be driven by a dedicated TTL buffer. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 3). All outputs, whether used 
or not, should have the same output load. 

Sync current output. Typically, this current output is directly wired to the lOG output, and 
enables sync information to be encoded onto the green channel. A logical zero on the SYNC* 
input results in no current being output onto this pin, while a logical one results in the 
following current being output: 

!SYNC (rnA) = 3,442 * VREF (v) I RSET (ohms) 

If sync information is not required on the green channel, this output should be connected to 
AOND. 

Full scale adjust control. A resistor (RSET) connected between this pin and AOND controls the 
magnitude of the full scale video signal (Figure 2). Note that the IRE relationships in Figure 2 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current on lOG (assuming ISYNC is 
connected to lOG) is: 

RSET (ohms) = 12,046 * VREF (v) I lOG (rnA) 

The full scale output current on lOR and lOB for a given RSET is defined as: 

lOR, lOB (rnA) = 8,604 * VREF (v) I RSET (ohms) 
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Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

AGND 

VM 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 IlF ceramic capacitor in series with a resistor must be connected between this pin and the 
nearest V AA pin (Figure 3). Connecting the capacitor to V AA rather than to AGND provides the 
highest possible power supply noise rejection. The COMP resistor and capacitor must be as 
close to the device as possible to keep lead lengths to an absolute minimum. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
3, must supply this input with a 1.2v (typical) reference. The use of a resistor network to 
generate the reference is not recommended, as any low frequency power supply noise on VREF 
will be directly coupled onto the analog outputs. A 0.1 f.1F ceramic capacitor must be used to 
decouple this input to V AA, as shown in Figure 3. The decoupling capacitor must be as close to 
the device as possible to keep lead lengths to an absolute minimum. 

Analog ground. All AGND pins must be connected. 

Analog power. All V AA pins must be connected. 

G4 GS 

R7 G6 

R6 G7 

RS BLANK" 

R4 SYNC· 

B7 AGND 

B6 lOB 

BS lOR 

B4 lOG 

VAA ISYNC 

AGND VAA 

BO AGND 

B1 FSADJUST 

B2 VREF 

B3 COMP 

CLOCK RBFWHITB 

RO G3 

Rl G2 

R2 Gl 

R3 GO 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the BtlOl/883 power and ground lines by shielding 
the digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should be minimized so as to minimize inductive 
ringing. 

Ground Planes 

The BtlOl/883 and any associated analog circuitry 
should have it's own ground plane, referred to as the 
analog ground plane. This ground plane should 
connect to the regular PCB ground plane at a single 
point through a ferrite bead, as illustrated in Figure 3. 
This bead should be located within three inches of the 
BtlOl/883. 

The analog ground plane area should encompass all 
BtlOl/883 ground pins, voltage reference circuitry, 
power supply bypass circuitry for the BtlOl/883, the 
analog output traces, and any output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the BtlOl/883. 

Power Planes 

The BtlOl/883 and any associated analog circuitry 
should have it's own power plane, referred to as the 
analog power plane. This power plane should be 
connected to the regular PCB power plane at a single 
point through a ferrite bead, as illustrated in Figure 3. 
This bead should be located within three inches of the 
BtlOl/883. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all BtlOl/883 power 
pins, voltage reference circuitry, and any output 
amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 J.1F ceramic capacitor 
should be used to decouple each V AA pin to AGND. 
These capacitors should be placed as close as possible 
to the device. 

It is important to note that while the BtlOl/883 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a switching 
power supply is used, the designer should pay close 
attention to reducing power supply noise and consider 
using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the BtlOl/883 should be isolated 
as much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Due to the high clock rates involved, long clock lines 
to the BtlOI/883 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The BtlOl/883 should be located as close as possible 
to the output connectors to minimize noise pickUp 
and reflections due to impedance mismatch. 

The video output signals should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to AGND. 
The connection between the current output and AGND 
should be as close as possible to the BtlOl/883 to 
minimize reflections. 



PC Board Layout Considerations (continued) 

lOG 1---+----...... -+------ TO 
VIDEO 

CONNECTOR 
ISYNC 

IOBI--________ ~------

Location Description 

CI 33 ~F tantalum capacitor 
C2, C3, C5 0.1 ~F ceramic capacitor 

C4 0.01 ~F ceramic capacitor 
C6 10 ~F tantalum capacitor 

Ll, L2 ferrite bead 
RI, R2, R3 75-ohm I % metal film resistor 

R4 1000-ohm 1 % metal film resistor 
R5 15-ohm 1% metal film resistor 

RSEf 549-ohm 1% metal film resistor 
ZI 1.2v voltage reference 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

RS·170 Video Generation 

For generation of RS-170 compatible video. it is 
recommended that a singly-terminated 75-ohm load be 
used with an RSET value of about 774 ohms. If the 
BtlO1/883 is not driving a large capacitive load. 
there will be negligible difference in video quality 
between doubly-terminated 75-ohm and 
singly-terminated 75-ohm loads. 

If driving a large capacitive load (load RC > 1/ 
(20Fc1t)). it is recommended that an output buffer be 
used to drive a doubly-terminated 75-ohm load. 

COMP Resistor 

To optimize the settling time of the BtlOI/883. a 
resistor may be added in series between the CaMP 
capacitor and CaMP pin. The series resistor damps 
inductive ringing on CaMP. thus improving settling 
time. 

The value of the resistor is typically 15 ohms. 
however. the exact value is dependent on the PC board 
layout. clock rate. etc.. and should be optimized for 
minimal settling time. 

An incorrect resistor value will result in degraded 
output performance. such as excessive ringing of the 
analog outputs or increased settling time. 
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Non· Video Applications 

The BtlOl/883 may be used in non-video 
applications by disabling the video-specific control 
inputs. SYNC" and REF WHITE should be a logical 
zero and BLANK* should be a logical one. ISYNC 
should be connected to AGND. All three outputs will 
have the same full scale output current. 

The relationship between RSET and the full scale 
output current (lout) in this configuration is as 
follows: 

RSET (ohms) = 7.958 * VREF (v) / lout (rnA) 

With the data inputs at $00. there is a DC offset 
current (Imin) defined as follows: 

Imin (rnA) = 650 * VREF (v) / RSET (ohms) 

Therefore. the total full scale output current will be 
lout + Imin. The REF WHITE input may optionally be 
used as a "force to full scale" control. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA - 55 + 125 ·C. 
Output Load RL 37.5 Ohms 
Reference Voltage VREF 1.14 1.20 1.26 Volts 
FS ADJUST Resistor RSEI' 542 Ohms 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-0.5 VAA+O.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature TS - 65 + 150 ·C. 
Junction Temperature TJ + 185 ·C. 

Soldering Temperature TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

alC 25 ·C./W 

alA 60 ·C./W 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 8 8 8 Bits 
Accuracy (each DAC) 

Integral Linearity Error IL ±1 LSB 
Differential Linearity Error IL ±1 LSB 
Gray Scale Error ±5 % Gray Scale 
Monotonicity** guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage V1H 

CLOCK 3.0 Volts 
Other 2.0 Volts 

Input Low Voltage VIL 0.8 Volts 
Input High Current (Vin = V AA) IIH 1 ~ 
Input Low Current (Vin = Ov) IlL - 1 ~ 
Input Capacitance* CIN 10 pF 

Analog Outputs 
Gray Scale Current Range 20.40 rnA 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level on lOR, lOB 0 5 50 ~ 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 5 50 ~ 
LSB Size· 69.1 ~ 

Output Compliance Vex: +1.4 Volts 
Output Capacitance* COUT 30 pF 

Voltage Reference Input Current IREF 10 ~ 
(VREF = 1.200v) 

Power Supply Rejection Ratio PSRR 0.2 0.5 %/%JlVAA 
(COMP = 0.01 J.l.F, f = 1 KHz) 

Test conditions (unless otherwise specified): 100% tested at VAA = 4.75v and 5.25v, TA = _55°, 25°, and 125° 
C., RSET = 542 ohms ± 0.1%, VREF = 1.200v. ISYNC connected to lOG. 

*Derived from characterization, not tested (T A = 25° C., V AA = 5v ± 5%). 

**Guaranteed by design, not tested. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 30 MHz 

Data and Control Setup Time TSU 10 ns 
Data and Control Hold Time 1H 3 ns 

Clock Cycle Time TCYC 33.3 ns 
Clock Pulse Width Low TCl.KH 10 ns 
Clock Pulse Width High TCLKL 10 ns 

Analog Output Delay IDLY 
TA= _55° C. 31 ns 
TA=25°C. 31 ns 
TA= 125°C. 39 ns 

Analog Output Rise/FaJI Time TVRF 9 ns 
Analog Output Settling Time* TS 12 ns 
Clock and Data Feedthrough* - 28 dB 
Glitch Impulse* 100 pV - sec 
DAC to DAC Crossta1k* - 23 dB 
Analog Output Skew 0 3 ns 

Pipeline Delay 1 1 1 Clock 

V AA Supply Current** IAA 140 175 rnA 

Test conditions (unless otherwise specified): 100% tested at V AA = 4.75v and 5.25v with TA = 25° C. QCI 
sample tested at VAA = 4.75v and 5.25v with TA = _55°, 25°, and 125° C. RSET = 542 ohms ± 0.1%, VREF = 
1.2oov. Input values are 0.4 to 3.5 volts for CLOCK and 0 to 3 volts for all other digital inputs, with input 
rise/fall times ~ 3 ns, measured between the 10% and 90% points. Timing reference points at 50% for inputs and 
outputs. CaMP resistor = 15 ohms. Analog output load - 10 pF with doubly-terminated 50-ohm line. See 
timing notes in Figure 4. 

Note: Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital 
inputs. For this test, the digital inputs have a lk-ohm resistor to the regular PCB ground plane and are driven by 
74HC logic. Settling time does not include clock and data feedthrough. Glitch impulse includes clock and data 
feedthrough, -3 dB test bandwidth = 60 MHz. 

*Derived from characterization, not tested (TA = 25° C, V AA = 5v ± 5%). 

**at Fmax. IAA (typ) at VAA = 5.0v. IAA (max) at VAA = 5.25v. IAA (max) 100% tested at TA = 25° C. IAA 
(typ) based on characterization. 
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Ordering Information 

Ambient 
Model Nurnber MTBF* Package Temperature 

(hours) Range 

Bti0lSC883 1.5 x 106 40-pin 0.6" _55 0 to +1250 C. 
Ceramic 

Sidebraze DIP 

*MTBF is calculated per MIL Handbook 217. 

Timing Waveforms 

CLOCK 

RO·R7. 00·07. BO·B7. 
SYNC". BLANK", REF WHITE 

lOR, 100. lOB. !SYNC 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± 1 LSB. 

Note 3: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 4. InputlOutput Timing. 
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Distinguishing Features 

50 MHz Pipelined Operation 
± 1/2 LSB Differential Linearity Error 
± 3/4 LSB Integral Linearity Error 
RS-343NRS-170 Compatible Output 
0.7. or 10 IRE Programmable Setup 
+5v CMOS Monolithic Construction 
24-pin 0.3" Sidebraze DIP Package 

• Typical Power Dissipation: 550 mW 

Functional Block Diagram 

Applications 

High Resolution Color Graphics 
• CAE/CAD/CAM Applications 

Image Processing 
Instrumentation 
Conventional D/ A Applications 

VREP FS ADJUST 

THRESHOlD 
SET 

CLOCK -+-----.., 

00 - 07 -+--r---.J 

OVmrnffiG~ -+-----~ 

SYNC· -+---~ 

BLANK'" 

REPWHITE* -+-------1 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego. CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
Ll02MOI Rev. D 

VAA 

L-------{~--_r----t_--COMP 

)-_+_IOUT 

!RET 

~----~-SETIW 

AGND 
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Btl02/883 
MIL-STD-883C, Class B 

Monolithic CMOS 

50 MHz Single 8-bit 

VIDEODAC™ 

Product Description 

The Btl02/883 is an 8-bit multi-function 
VIDEODAC. designed specifically for color 
graphics and conventional D/A converter 
applications. 

Available control inputs include sync. 
blank. reference white. and 10% overbright. 
Additional features include a threshold set 
input to configure the digital inputs to be 
either TTL or CMOS compatible. and a setup 
input to specify one of three available setups 
in the analog output. 

An external 1.2v voltage reference and a 
single resistor control the full scale output 
current. The sync. blank. reference white. 
and 10% overbright inputs are pipelined to 
maintain synchronization with the input 
data. 

The Btl02/883 generates RS-343A 
compatible video signals into a 
doubly-terminated 75-ohm load. and RS-170 
compatible video signals into a 
singly-terminated 75-ohm load. without 
requiring external buffering. The differential _ 
and integral linearity errors of the D/A .. 
converter are guaranteed to be a maximum of 
± 1/2 LSB and ± 3/4 LSB. respectively. over 
the full temperature range. 



Btl02/883 

Circuit Description 

As illustrated in the functional block diagram, the 
Bt102/883 contains a single 8-bit D/A converter, 
input registers, and a reference amplifier. 

The THRESHOLD SET input controls the logic 
thresholds of the digital inputs. If it is left floating, 
the logic thresholds are TTL compatible; if connected 
to VAA, the thresholds are CMOS compatible. 

On the rising edge of each clock cycle, as shown 
below in Figure 1, eight bits of data (DO - D7) are 
latched into the device and presented to the 8-bit D/ A 
converter. The REF WHITE* input, latched on the 
rising edge of CLOCK, forces the inputs of the D/ A 
converter to $FF, regardless of the value of the DO -
D7 inputs. 

Latched on the rising edge of CLOCK to maintain 
synchronization with the data, the SYNC*, BLANK*, 
and 10% OVERBRIGHT* inputs add appropriately 
weighted currents to the analog outputs, producing the 
specific output levels required for video applications, 
as illustrated in Figure 2. Table 1 details how the 
SYNC*, BLANK*, REF WHITE*, and 10% 
OVERBRIGHT* inputs modify the output level. 

The SETUP input is used to control the difference 
between the black and blanking level. Available 
setups include lOIRE (SETUP = V AA), 7 IRE (SETUP 
= float), and 0 IRE (SETUP = AGND). A setup of 0 IRE 
specifies that the blanking level is the same as the 
black level. 

CLOCK 

DO· D7, 10% OVERBRIGHf"', 
SYNC·, BLANK"'. REFWHITE'" 

lOUT 

Full scale output current is set by an external resistor 
(RSET) between the FS ADJUST pin and AGND. The 
VREF input requires an external 1.2v(typical) 
reference. For maximum performance, the voltage 
reference should be temperature compensated and 
provide a low-impedance output. 

The D/A converter on the Btl02/883 uses a segmented 
architecture in which bit currents are routed to either 
the output or IRET by a sophisticated decoding 
scheme. This architecture eliminates the need for 
precision component ratios and greatly reduces the 
switching transients associated with turning current 
sources on or off. Monotonicity and low glitch are 
guaranteed by using identical current sources and 
current steering their outputs. An on-chip operational 
amplifier stabilizes the full-scale output current 
against temperature and power supply variations. 

The analog output of the Btl02/883 is capable of 
directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 

Figure 1. Input/Output Timing. 
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Circuit Description (continued) 

RSET::= RSET= 
1130 1110 

SEfUP= SETIJP= 
VAA FLOAT 

IRE MA IRE MA 

28.90 28.74 
9.5 10 

27.01 26.81 

90 92.9 

959 9.09 

10 7.1 

7155 7.72 

39.5 40.5 

0.00 0.00 

RSET= 
1050 

SE11JP= 
AGND 

IRE MA 

10.75 
29.00 

26.97 

100 

8.23 

0 

8.23 

44 

0.00 

10% OVERBRIGHT LEVEL 

WHITE LEVEL 

BLACK LEVEL 

BLANK LEVEL 

SYNC LEVEL 

Note: 75-ohm doubly-terminated load, VREF = 1.235v. RS-343A levels and tolerances assumed on all levels. 

Figure 2. Composite Video Output Waveform. 

Description lOur 10% REF SYNC* BLANK* DAC 
(rnA) OVERBRIGHT* WlllTE* Input Data 

WHITE +10% 28.74 0 1 1 1 $FF 
WHITE 26.81 1 0 1 1 $xx 
WHITE 26.81 1 1 1 1 $FF 
DATA + 10% data + 11.0 0 1 1 1 data 
DATA data + 9.09 1 1 1 1 data 
DATA-SYNC data + 1.37 1 1 0 1 data 
BLACK 9.09 1 1 1 1 $00 
BLACK-SYNC 1.37 1 1 0 1 $00 
BLANK 7.72 x x 1 0 $xx 
SYNC 0 x x 0 0 $xx 

Note: Typical with white level current = 26.81 rnA. RSET = 1110 ohms, VREF = 1.235v, SETUP = float. 

Table 1. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

REFWHITE* 

10% 
OVERBRIGHf* 

DO-07 

CLOCK 

SETUP 

1HRESHOlD 
SEf 

lOur 

IRET 

AGND 

VM 

VREF 

Description 

Composite blank control input (TIL/CMOS compatible). A logical zero drives the output to the 
blanking level. as illustrated in Table 1. It is latched on the rising edge of CLOCK. When 
BLANK* is a logical zero. the 00 - 07. REF WHITE*. and 10% OVERBRIGHT* inputs are 
ignored. 

Composite sync control input (TIL/CMOS compatible). A logical zero on this input switches 
off a current source on the output equal to approximately 30% of the full scale current (see Figure 
2). SYNC· does not override any other control or data input. as shown in Table 1; therefore. it 
should be asserted only during the blanking interval. It is latched on the rising edge of CLOCK. 

Reference white control input (TIL/CMOS compatible). A logical zero on this input forces the 
output to the white level. regardless of the 00 - 07 inputs. It is latched on the rising edge of 
CLOCK. See Table 1. 

Overbright control input (TIL/CMOS compatible). A logical zero on this input causes the 
output current to increase by approximately 10 IRE units as shown in Table 1 and Figure 2. It is 
latched on the rising edge of CLOCK. 

Oata inputs (TIL/CMOS compatible). 00 is the least significant data bit. They are latched on 
the rising edge of CLOCK. Coding is binary. 

Clock input (TIL/CMOS compatible). The rising edge of CLOCK latches the DO - 07. SYNC*. 
BLANK*. REF WHITE*. and 10% OVERBRIGHT* inputs. It is typically the pixel clock rate of 
the video system. It is recommended that the CLOCK input be driven by a dedicated TTL or 
CMOS buffer. 

Setup control input. This pin controls the difference between the black level and the blanking 
level. Available setups include 10 IRE units (SETUP = VAA). 7 IRE units (SETUP = float). and 0 
IRE units (SETUP = AGND). 

Threshold control input. This pin controls the logic thresholds of the digital inputs. If 
connected to V AA through a 0.1 ~F ceramic capacitor. the logic thresholds are TTL compatible. 
If connected directly to VAA. the thresholds are CMOS compatible. 

Current output. This high impedance current source is capable of directly driving a 
doubly-terminated 75-ohm coaxial cable (Figure 3). 

Current return. This pin must be connected to AGNO through a ferrite bead. as illustrated in 
Figure 3. 

Analog ground. All AGNO pins must be connected. 

Analog power. All VAA pins must be connected. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
3. must supply this input with a 1.2v (typical) reference. The use of a resistor network to 
generate the reference is not recommended. as any low frequency power supply noise on VREF 
will be directly coupled onto the analog outputs. A 0.1 ~F ceramic capacitor must be used to 
decouple this input to V AA. as shown in Figure 3. The decoupling capacitor must be as close to 

the device as possible to keep lead lengths to an absolute minimum. 
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Pin Descriptions (continued) 

Pin Name 

COMP 

FSADJUST 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 
0.01 ~F ceramic capacitor in series with a resistor must be connected between this pin and the 
adjacent V AA pin (Figure 3). Connecting the capacitor to V AA rather than to AGND provides 
the highest possible power supply noise rejection. The COMP resistor and capacitor must be as 
close to the device as possible to keep lead lengths to an absolute minimum. 

Full scale adjust control. A resistor (RSET) connected between this pin and AGND controls the 
magnitude of the full scale video signal (Figure 3). Note that the IRE relationships in Figure 3 
are maintained regardless of the full scale output current. 

The relationship between RSET and the white level output current is: 

RSET (ohms) = Kl * VREF (v) / lOUT (rnA) 

The amount of additional current generated to achieve the overbright level is: 

lOUT (rnA) = K2 * VREF (v) / RSET (ohms) 

Kl and K2 are defined as follows: 

SETUP 

float VM AGND 

Kl 24,096 24,713 22,930 

K2 1,735 1,729 1,726 

REF WHITE'" VAA 

BLANK'" 10% OVERBRIGHf'" 

D7 SYNC· 

D6 SETUP 

05 lRET 

D4 lOUT 

CLOCK AGND 

03 VAA 

02 COMP 

01 FS ADJUST 

DO VREF 

THRESHOLD SET AGNO 
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PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Btl02/883 power and ground lines by shielding 
the digital inputs and providing good decoupling. The 
lead length between groups of V AA and AGND pins 
should by minimized so as to minimize inductive 
ringing. 

Ground Planes 

The Btl 02/883 and any associated analog circuitry 
should have it's own ground plane, referred to as the 
analog ground plane. This ground plane should 
connect to the regular PCB ground plane at a single 
point through a ferrite bead, as illustrated in Figure 3. 
This bead should be located within three inches of the 
Btl02/883. 

The analog ground plane area should encompass all 
Btl02/883 ground pins, voltage reference circuitry, 
power supply bypass circuitry for the Btl02/883, the 
analog output traces, and any output amplifiers. 

The regular PCB ground plane area should encompass 
all the digital signal traces, excluding the ground 
pins, leading up to the Btl02/883. 

Power Planes 

The Btl02/883 and any associated analog circuitry 
should have it's own power plane, referred to as the 
analog power plane. This power plane should be 
connected to the regular PCB power plane at a single 
point through a ferrite bead, as illustrated in Figure 3. 
This bead should be located within three inches of the 
Btl02/883. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all Btl 02/883 power 
pins, voltage reference circuitry, and any output 
amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power or ground planes, unless they can be 
arranged such that the plane-to-plane noise is 
common mode. This will reduce plane-to-plane noise 
coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 IiF ceramic capacitor 
should be used to decouple each V AA pin to AGND. 
These capacitors should be placed as close as possible 
to the device. 

It is important to note that while the Btl02/883 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a switching 
power supply is used, the designer should pay close 
attention to reducing power supply noise and consider 
using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt102/883 should be isolated 
as much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog ground and power planes. 

Due to the high clock rates involved, long clock lines 
to the Btl02/883 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power and 
ground planes. 

Analog Signal Interconnect 

The Btl02/883 should be located as close as possible 
to the output connector to minimize noise pickup and 
reflections due to impedance mismatch. 

The video output signal should overlay the analog 
ground plane, and not the analog power plane, to 
maximize the high frequency power supply rejection. 

For maximum performance, the analog output should 
have a 75-ohm load resistor connected to AGND. The 
connection between the current output and AGND 
should be as close as possible to the Btl 02/883 to 
minimize reflections. 



PC Board Layout Considerations (continued) 

COMP 

13 

cs 

.,. C6 

ANALOG GROUND PLANE 

TO 
VIDEO 

CONNECTOR 

L1 

L2 

IOUT/-------.... --------

Location Description 

Cl, C2, C3, C5 0.1 !!F ceramic capacitor 
C4 0.01 !!F ceramic capacitor 
C6 lO !!F tantalum capacitor 

Ll, L2, L3 ferrite bead 
Rl 75-ohm 1 % metal film resistor 
R2 1000-ohm 1 % metal film resistor 
R3 27 -ohm 1 % metal film resistor 

RSET 1 % metal film resistor 
Zl 1.2v voltage reference 

Btl02/883 

\...0.., ___ .,.sv 

Cl 

~ ____ GROUND 

Figure 3. Typical Connection Diagram and Parts List. 
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Application Information 

RS-170 Video Generation 

For generation of RS-170 compatible video, it is 
recommended that a singly-terminated 75-ohm load be 
used with the SETUP pin floating and an RSET value 
of about 1594 ohms. If the Btl02/883 is not driving 
a large capacitive load, there will be negligible 
differ~ in video quality between doubly-terminated 
75-ohm and singly-terminated 75-ohm loads. 

If driving a large capacitive load (load RC > 11 
(20Fc1t», it is recommended that an output buffer be 
used to drive a doubly-terminated 75-ohm load. 

Color Applications 

Note that in color applications, sync information is 
typically required only on the green channel. 
Therefore, the SYNC" inputs to the red and blue 
VIDEODACs may always be a logical zero. If SYNC" 
is always a logical zero, the relationship between 
RSET and the full scale output current is: 

lOUT (rnA) =K" VREF (v) I RSET (ohms) 

where K is equal to 17,714; 17,158; or 15,933 for 
SETUP = V AA, float, and AGND, respectively. 

Using Multiple Devices 

If located close together on the same PC board, 
multiple Btl02/883 devices may be connected to a 
single analog power and ground plane. In addition, a 
single voltage reference may be used to drive mUltiple 
devices. 

Each Btl02/883 must still have it's individual RSET 
resistor, lOUT termination resistor (R 1 in Figure 3): 
lRET ferrite bead (L3 in Figure 3), power supply 
bypass capacitors (C2 and C3 in Figure 3), and CaMP 
resistor and capacitor (C4 and R3 in Figure 3). 

At high clock rates, individual ground beads (L2 in 
Figure 3) may be required to maintain TTL thresholds 
due to high current return. 
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Non-Video Applications 

The Btl02/883 may be used in non-video 
applications by disabling the video-specific control 
inputs. SYNC" should be a logical zero, while REF 
WHITE", 10% OVERBRIGHT", and BLANK" should 
be a logical one. SETUP should be connected to 
AGND. The output current will be determined solely 
by the DO - D7 inputs. 

The relationship between RSET and the full scale 
output current in this configuration is as follows: 

RSET (ohms) = 15,933 " VREF (v) I lOUT (rnA) 

The BLANK" input may optionally be used as a "force 
to zero" control, and the REF WHITE" input may 
optionally be used as a "force to full scale" control. 

COMP Resistor 

To optimize the settling time of the Btl02/883, a 
resistor may be added in series between the CaMP 
capacitor and CaMP pin. The series resistor damps 
inductive ringing on CaMP, thus improving settling 
time. 

The value of the resistor is typically 27 ohms, 
however, the exact value is dependent on the PC board 
layout, clock rate, etc., and should be optimized for 
minimal settling time. 

An incorrect resistor value will result in degraded 
output performance, such as excessive ringing of the 
analog outputs or increased settling time. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.75 5.00 5.25 Volts 
Ambient Operating Temperature TA - 55 + 125 ·C. 
Output Load RL 37.5 OJuns 
Reference Voltage VREF 1.14 1.235 1.26 Volts 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to AGND) 7.0 Volts 

Voltage on any Digital Pin AGND-0.5 VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperatore TS - 65 + 150 ·C. 
Junction Temperatore TJ + 185 ·C. 

Soldering Temperatore TSOL 260 ·C. 
(5 seconds, 1/4" from pin) 

aJC 25 ·C./W 

aJA 60 ·C./W 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution 8 8 8 Bits 
Accuracy 

Integral Linearity Error IL 
at -55°C. ± 3/4 LSB 
at +25 and +125 °C. ± 1/2 LSB 

Differential Linearity Error IL ±1/2 LSB 
Gray Scale Error ±5 % Gray Scale 
Monotonicity** guaranteed 

Coding Binary 

Digital Inputs 
TTL Compatible Mode 

Input High Voltage VlH 
CLOCK 3.0 Volts 
Other 2.0 Volts 

Input Low Voltage VIL 0.8 Volts 
Input High Current (Vin = 2.4v) illl - 200 - 1200 J.IA. 
Input Low Current (Vin = 0.4v) TIL - 200 - 1200 J.IA. 
Input Capacitance* CIN 10 pF 

CMOS Compatible Mode 
Input High Voltage VlH 3.5 Volts 
Input Low Voltage VIL 0.8 Volts 
Input High Current (Vin = 3.5v) illl 2 J.IA. 
Input Low Current (Vin = 1.5v) TIL 2 J.IA. 
Input Capacitance* CIN 10 pF 

Voltage Reference Input Current !REF 10 J.IA. 
(VREF = 1.235v) 

Power Supply Rejection Ratio PSRR 0.2 0.5 %/%AVAA 
(CaMP = O,01I!F, f = 1 KHz) 

Test conditions (unless otherwise specified): 100% tested at VAA = 4.75v and 5.25v, TA = _55°, 25°, and 125° 
C., RSET = 1110 ohms ± 0.1%, VREF = 1.235v. 

*Derived from characterization, not tested (TA = 25°C., VAA = 5v ± 5%). 

**Guaranteed by design, not tested. 
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D.C. Characteristics (continued) 

Parameter Symbol Min Typ Max Units 

Analog Output 
Gray Scale Current Range 20.50 rnA 

Output Current 
(SETUP = float, RSET = IlIOn) 

Overbright Relative to White 1.60 1.93 2.40 rnA 
White Level Relative to Blank 17.90 19.09 20.31 rnA 
White Level Relative to Black 16.80 17.72 18.61 rnA 
Black Level Relative to Blank 1.10 1.37 1.70 rnA 
Blank Level 7.20 7.72 8.30 rnA 
Sync Level 0 5 50 IlA 
LSB Size" 69.49 IlA 

Output Current 
(SETUP = AGND, RSET = 1050n) 

Overbright Relative to White" 2.03 rnA 
White Level Relative to Blank 17.80 18.74 19.75 rnA 
White Level Relative to Black 17.80 18.74 19.70 rnA 
Black Level Relative to Blank 0 5 50 IlA 
Blank Level 7.70 8.23 9.00 rnA 
Sync Level 0 5 50 IlA 
LSB Size" 73.49 IlA 

Output Current 
(SETUP = V AA, RSET = 1130n) 

Overbright Relative to White* 1.89 rnA 
White Level Relative to Blank 18.00 19.36 20.60 rnA 
White Level Relative to Black 16.50 17.42 18.30 rnA 
Black Level Relative to Blank 1.50 1.94 2.30 rnA 
Blank Level 7.10 7.65 8.30 rnA 
Sync Level 0 5 50 IlA 
LSB Size" 68.31 IlA 

Output Compliance VOC +1.4 Volts 
Output Capacitance" cour 20 pF 

Test conditions (unless otherwise specified); 100% tested at V AA = 4.75v and 5.25v, TA = _55°, 25°, and 125° 
C., VREF = 1.235v, RSET = 1110 ohms ± 0.1 %, THRESHOLD SET = TTL mode. 

"Derived from characterization, not tested (T A = 25° C., V AA = 5v ± 5%). 

""Guaranteed by design, not tested. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 50 MHz 

Data and Control Setup Time TSU 5 ns 
Data and Control Hold Time 1H 2 ns 

Clock Cycle Time TCYC 20 ns 
Clock Pulse Width Low TClKH 7 ns 
Clock Pulse Width High TCLKL 7 ns 

Analog Output Delay IDLY 
TA=-55°C. 22 ns 
TA=25°C. 26 ns 
TA= 125°C. 36 ns 

Analog Output Rise/Fall Time TVRF 6 ns 
Analog Output Settling Time* TS 

to ± 1(2 LSB 20 ns 
to± 1 LSB 15 ns 

Clock and Data Feedthrough* - 20 dB 
Glitch Impulse* 100 pV -sec 

Pipeline Delay 3 3 3 Clocks 

V AA Supply Current** IAA 110 175 rnA 

Test conditions (unless otherwise specified): 100% testing at V AA = 4.75v and 5.25v with TA = 25°C. QCI 
sample tested at VAA = 4.75v and 5.25v with TA = _55°, 25°, and 125°C. RSET = 1110 ohms ± 0.1%, VREF = 
1.235v. THRESHOLD SET = TTL mode, SETUP = float. Input values are 0.4 to 3.5 volts on CLOCK, and 0 to 3 
volts on control and data, with input rise/fall times :s; 3 ns, measured between the 10% and 90% points. Timing 
reference points at 50% for inputs and outputs. COMP resistor = 27 ohms. Analog output load - 10 pF with 
doubly-terminated 50-ohm line. See timing notes in Figure 4. 

Note: Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital 
inputs. For this test, the digital inputs have a Ik-ohm resistor to the regular PCB ground plane and are driven by 
74HC logic. Settling time does not include clock and data feedthrough. Glitch impulse includes clock and data 
feedthrough, -3 dB test bandwidth = 100 MHz. 

*Derived from characterization, not tested (T A = 25° C., V AA = 5v ± 5%). 

**at Fmax. lAA (typ) at V AA = 5.Ov. IAA (max) at VAA = 5.25v. IAA (max) 100% tested at TA = 25° C. lAA 
(typ) based on characterization. 
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Ordering Information 

Model Number MTBF* Package 
(hours) 

Btl02TC883 2.7 x 106 24-pin 0.3" 
Ceramic 

Sidebraze DIP 

*MTBF is calculated per MIL Handbook 217. 

Timing Waveforms 

DO· D7. lQll, OVERBRIGHT·, 

SYNC·, BLANK •• REP 

WHITE' 

lOUT 

Btl02/883 

Ambient 
Temperature 

Range 

_55 0 to +1250 C. 

Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of 
full scale transition. • 

Note 2: Settling time measured from the 50% point of full scale transition to the output remaining 
within ± Itl LSB or ± 1 LSB. 

Note 3: Output rise/fall time measured between the 20% and 80% points of full scale transition. 

Figure 4. Input/Output Timing. 
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Advance Information 

TIlls document contains infonnation on a product under development. The 
parametric infonnation are target parameters and are subject to change. 

Distinguishing Features 

125 MHz Operation 
• Differential ECL Clock Generation 
• Divide by 3, 4, 5, or 8 of the Clock 

Divide by 2 and 4 of the Load 
Resets Pipeline Delay of the RAMDAC 

• 1.32v Typical Voltage Reference Output 
• Single +5v Power Supply 

20-pin Ceramic Sidebraze DIP Package 
• Typical Power Dissipation: 325 mW 

Functional Block Diagram 

OSC 

OSC* 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L438MOI 

vee GND 

DIVO. DIVI 

Customer Benefits 

• Reduces PC Board Area 
• Simplifies RAMDAC Design 

Cost Reduction over Discretes 
• Increases System Reliability 

Related Products 

• Bt458/883 

RESET" 

~~~~==:1- LD/4 

LDC,LDD 

ENABLE ENABLE 
(s) (A) 
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Bt438/883 
MIL-STD·883C, Class B 

125 MHz 

Clock Generator Chip 

for CMOS RAMDACs™ 

Product Description 

The Bt438/883 is a clock generator for the 
high speed Brooktree CMOS RAMDACs. It 
interfaces a 10KH ECL oscillator operating 
from a single +5v supply to the RAMDAC, 
generating the necessary clock and control 
signals. 

The clock output may be divided by 3, 4, 5, 
or 8 to generate the load signal. The load 
signal is also divided by two and four for 
clocking video timing logic, etc. 

A second load signal may be synchronously 
or asynchronously controlled to enable 
starting and stopping the clocking of the 
video DRAMs. 

The Bt4381883 also optionally configures 
the pipeline delay of the RAMDAC to a fixed 
pipeline delay of 8 clock cycles. 

An on-chip voltage reference is also 
provided, and may be used to provide the 
reference voltage for up to four RAMDACs. 



Bt438/883 
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Distinguishing Features Applications 

• 40 MHz Pipelined Operation • High Resolution Color Graphics 
• Triple 8-bit D/A Converters • CAE/CAD/CAM Applications 
• 256 x 24 Color Palette RAM • Image Processing 
• 3 x 24 Overlay Palette • Instrumentation 
• RS-343A/RS-170 Compatible Outputs • Desktop Publishing 
• Standard MPU Interface 
• +5v CMOS Monolithic Construction 
• 4O-pin Ceramic Sidebraze DIP Package 
• Typical Power Dissipation: 950 mW 

Functional Block Diagram 

VAA aND I'S ADJUST VRBP 

a.oac 
PQ-P7 

SYNC" 

CLO,OLI 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
lA53M01 Rev. B 

,--___ "-; L--:--=Vr==--t-- COMP 

DO-07 

IBYNC 

>--1--100 

>--11--108 
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Bt453/883 
MIL.STD.883C, Class B 

Monolithic CMOS 

256 x 24 Color Palette 

40 MHz RAMDAC™ 

Product Description 

The Bt453/883 RAMDAC is designed 
specifically for high resolution color 
graphics. 

It has a 256 x 24 color lookup table with 
triple 8-bit video D/ A converters, supporting 
up to 259 simultaneous colors from a 16.8 
million color palette. Three overlay 
registers provide for overlaying cursors, 
grids, menus, etc. The MPU bus operates 
asynchronously to the video data, 
simplifying the design interface to the 
system. 

The Bt453/883 generates RS-343A 
compatible video signals into a 
doubly-terminated 75-ohm load, and RS-170 
compatible video signals into a 
singly-terminated 75-ohm load, without 
requiring external buffering. Both the 
differential and linearity errors of the D/ A 
converters are guaranteed to be a maximum of 
± 1 LSB over the full temperature range. 
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Circuit Description 

MPU Interface 

As illustrated in the functional block diagram, the 
Bt453/883 supports a standard MPU bus interface, 
allowing the MPU direct access to the color palette 
RAM and overlay color registers. The MPU interface 
operates asynchronously to the video data, 
simplifying the design interface. 

The CO and CI control inputs specify whether the 
MPU is accessing the address register, color palette 
RAM, or the overlay registers, as shown in Table 1. 
The 8-bit address register is used to address the color 
palette RAM and overlay registers, eliminating the 
requirement for external address multiplexers. ADDRO 
corresponds to DO and is the least significant bit. 

To write color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be modified. The MPU performs 
three successive write cycles (red, green, and blue), 
using CO and CI to select either the color palette 
RAM or overlay registers. During the blue write 
cycle, the three bytes of color information are 
concatenated into a 24-bit word and written to the 
location specified by the address register. The address 
register then increments to the next location which 
the MPU may modify by simply writing another 
sequence of red, green, and blue data. 

To read color data, the MPU loads the address register 
with the address of the color palette RAM location or 
overlay register to be read- The MPU performs three 
successive read cycles (red, green, and blue), using CO 
and Cl to select either the color palette RAM or 
overlay registers. Following the blue read cycle, the 
address register increments to the next location which, 
the MPU may read by simply reading another sequence 
of red, green, and blue data. 

Cl CO 

0 0 
0 1 
1 0 
1 1 

Note that anytime the CS* input is a logical zero, the 
video outputs are forced to the black level. When 
accessing the color palette RAM, the address register 
resets to $00 following a blue read or write cycle to 
RAM location $FF. While accessing the overlay 
color registers, the six most significant bits of the 
address register (ADDR2 - 7) are ignored. 

To keep track of the red, green, and blue read/write 
cycles, the address register has two additional bits 
(ADDRa, ADDRb) that cowt modulo three, as shown 
in Table 2. They are reset to zero when the MPU 
writes to the address register, and are not reset to zero 
when the MPU reads the address register. The MPU 
does not have access to these bits. The other eight 
bits of the address register'(ADDRO - 7) are accessible 
to the MPU, and are used to address color palette RAM 
locations and overlay registers, as shown in Table 2. 

Figure 1 illustrates the MPU read/write timing. 

Addressed by MPU 

address register 
color palette RAM 

address register 
overlay registers 

Table I, Control Input Truth Table. 
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Circuit Description (continued) 

Value C1 co Addressed by MPU 

ADDRa, b (counts modulo 3) 00 x 1 red value 
01 x 1 green value 
10 x 1 blue value 

ADDRO - 7 (counts binary) $00 - $FF 0 1 color palette RAM 
xxxx xxOO 1 1 reserved 
xxxx xxOl 1 1 overlay color 1 
xxxx xx10 1 1 overlay color 2 
xxxx xxll 1 1 overlay color 3 

Table 2. Address Register (ADDR) Operation. 

CS·, co, Cl =x VALID X III 
RlV'. WR,- \ / 

READ (DO. D7) < DATAOUf(RD*.O) > 
WRm! (DO. D7) X DATA IN (WR' ~ 0) X 

Figure 1. MPU Read/Write Timing. 
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Circuit Description (continued) 

Frame Buller Interface 

While CS* is a logical one, the PO - P1, OLO, and OLI 
inputs are used to address the color palette RAM and 
overlay registers, as shown in Table 3. The addressed 
location provides 24 bits of color infonnation to the 
three D/A converters. 

The SYNC'" and BLANK* inputs, also latched on the 
rising edge of CLOCK to maintain synchronization 
with the color data, add appropriately weighted 
currents to the analog outputs, producing the specific 
output levels required for video applications, as 
illustrated in Figure 3. Table 4 details how the SYNC'" 
and BLANK" inputs modify the output levels. 

OLl 01.0 PO-P1 

0 0 $00 
0 0 $01 
: : : 
0 0 $FF 
0 1 $xx 
1 0 $xx 
1 1 $xx 

The analog outputs of the Bt453/883 are capable of 
directly driving a 37.5-ohm load, such as a 
doubly-terminated 75-ohm coaxial cable. 

Addressed by frame buffer 

color palette RAM location $00 
color palette RAM location $01 

: 
color palette RAM location $FF 

overlay color 1 
overlay color 2 
overlay color 3 

Table 3. Pixel and Overlay Control Truth Table. 

CLOCK 

po. PI. 01.0, OLI, 
SYNC-, BLANK" 

JOR, lOG, lOB, 
!SYNC 

Figure 2. Video Input/Output Timing. 
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Circuit Description (continued) 

RBD.BLUB GRiII!II 

MA V MA V 

U.Cl5 0.714 'J.6SI 1.1100 ...,...--...,..,.-------------=--- WIIITII LBVI!L 

1M 0_ 9.05 0340 +------t-----t'--------- BLACK LBVBL 

7.!1IRE 
0.00 0.000 7.1iZ Cl.186 ~------L-r_,_~--------B~KLBVI!L 

40 IRE 

0.00 0.000 
~ _______ L_~ _________ S~LBVBL 

Note: 75-ohrn doubly-tenninated load. RSET = 280 ohms, VREF = 1.235v. ISYNC connected to lOG. RS-343A 
levels and tolerances BSsumed on aJJ levels. 

Figure 3. Composite Video Output Waveforms. 

Description lOG IOR,IOB SYNC'" BLANK'" DAC 
(rnA) (rnA) Input Data 

WHIlE 26.67 19.05 1 1 $FF 
DATA data + 9.05 data + 1.44 1 1 data 
DATA-SYNC data + 1.44 data + 1.44 0 1 data 
BlACK 9.05 1.44 1 1 $00 
BlACK-SYNC 1.44 1.44 0 1 $00 
BLANK 7.62 0 1 0 $xx 
SYNC 0 0 0 0 $xx 

Note: Typical with full scale lOG = 26.67 rnA. RSET = 280 ohms, VREF = 1.235v. ISYNC connected to 
lOG. 

Table 4. Video Output Truth Table. 
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Pin Descriptions 

Pin Name 

BLANK* 

SYNC* 

CLOCK 

PO-P7 

OLO,OLl 

lOR, lOG, lOB 

!SYNC 

FSADJUST 

Description 

Composite blank control input (TTL compatible). A logic zero drives the lOR, lOG, and lOB 
outputs to the blanking level, as illustrated in Table 4. It is latched on the rising edge of 
CLOCK. When BLANK" is a logical zero, the pixel and overlay inputs are ignored. 

Composite sync control input (TTL compatible). A logical zero on this input switches off a 40 
IRE current source on the ISYNC output (see Figure 3). SYNC· does not override any other 
control or data input, as shown in Table 4; therefore, it should be asserted only during the 
blanking interval. It is latched on the rising edge of CLOCK. 

Clock input (TTL compatible). The rising edge of CLOCK latches the PO - P7, OLO, OLI, 
SYNC·, and BLANK* inputs. It is typically the pixel clock rate of the video system. It is 
recommended that CLOCK be driven by a dedicated TTL buffer. 

Pixel select inputs (TTL compatible). These inputs specify, on a pixel basis, which one of the 
256 entries in the color palette RAM is to be used to provide color information. They are 
latched on the rising edge of CLOCK. PO is the LSB. Unused inputs should be connected to 
GND. 

Overlay select inputs (TTL compatible). These inputs specify which palette is to be used to 
provide color information, as illustrated in Table 3. When accessing the overlay palette, the PO 
- P1 inputs are ignored. They are latched on the rising edge of CLOCK. OLO is the LSB. Unused 
inputs should be connected to GND. 

Red, green, and blue current outputs. These high impedance current sources are capable of 
directly driving a doubly-terminated 75-ohm coaxial cable (Figure 4). All outputs, whether used 
or not, should have the same output load. 

Sync current output. This high impedance current source is typically connected directly to the 
lOG output (Figure 4), and is used to encode sync information onto the green channel. ISYNC 
does not output any current while SYNC* is a logical zero. The amount of current output while 
SYNC· is a logical one is: 

ISYNC (mA) = 1,728" VREF (v) I RSET (ohms) 

If sync information is not required on the green channel, this output should be connected to 
GND. 

Full scale adjust control. A resistor (RSET) connected between this pin and GND controls the 
magnitude of the full scale video signal (Figure 4). Note that the IRE relationships in Figure 3 
are maintained, regardless of the full scale output current. 

The relationship between RSET and the full scale output current on lOG is (assunting !SYNC is 
connected to lOG): 

RSET (ohms) = 6,047 • VREF (v) I lOG (mA) 

The relationship between RSET and the full scale output current on lOR and lOB is: 

lOR, lOB (mA) = 4,319" VREF (v) I RSET (ohms) 
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Pin Descriptions (continued) 

Pin Name 

COMP 

VREF 

VM 

GND 

CS'" 

WR'" 

RD* 

CO,Cl 

DO-D7 

Description 

Compensation pin. This pin provides compensation for the internal reference amplifier. A 0.1 
I1F ceramic capacitor must be connected between this pin and V AA (Figure 4). The COMP 
capacitor must be as close to the device as possible to keep lead lengths to an absolute 
minimum. 

Voltage reference input. An external voltage reference circuit, such as the one shown in Figure 
4, must supply this input with a 1.2v (typical) reference. The Bt453/883 has an internal pull-up 
resistor between VREF and V AA. As the value of this resistor may vary slightly due to process 
variations, the use of a resistor divider network to generate the reference voltage is not 
recommended. A 0.1 I1F ceramic capacitor must be used to decouple this input to V AA, as shown 
in Figure 4. The decoupling capacitor must be as close to the device as possible to keep lead 
lengths to an absolute minimum. 

Analog power. All VAA pins must be connected. 

Analog ground. All GND pins must be connected. 

Chip select control input (lTL compatible). This input must be a logical zero to enable data to 
be written to or read from the device. While CS'" is a logical zero, the lOR, lOG, and lOB outputs 
are forced to the black level. Note that the Bt453/883 will not function correctly while CS*, 
RD"', and WR* are simultaneously a logical zero. 

Write control input (ITL compatible). To write data to the device, both CS'" and WR* must be a 
logical zero. Data is latched on the rising edge of WR'" or CS"', whichever occurs fust. See 
Figure 1. 

Read control input (ITL compatible). To read data from the device, both CS* and RD* must be a 
logical zero. See Figure 1. 

Command control inputs (lTL compatible). CO and Cl specify the type of read or write 
operation being performed, as illustrated in Tables 1 and 2. 

Data bus (lTL compatible). Data is transferred into and out of the device over this eight bit 
bidirectional data bus. DO is the least significant bit. 

DO PSADJUST 

01 VREP 

02 VAA 

03 COMP 

D4 lOR 

05 lOG 

1)6 ISYNC 

D7 lOB 

GND GND 

VAA VAA 

PI VAA 

Ri VAA 

P.5 WR" 

N RD" 

Pl CS" 
P2 Cl 

PI co 
PO a.oCK 

OLI SYNC" 

OLD BLANK" 
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Bt453/883 

PC Board Layout Considerations 

PC Board Considerations 

The layout should be optimized for lowest noise on 
the Bt453/883 power and ground lines by shielding 
the digital inputs and providing good decoupling. The 
lead length between groups of V AA and OND pins 
should by minimized so as to minimize inductive 
ringing. 

Ground Planes 

The ground plane should encompass all Bt453/883 
ground pins, voltage reference circuitry, power supply 
bypass circuitry for the Bt453/883, the analog output 
traces, any output amplifiers, and all the digital signal 
traces leading up to the Bt453/883. 

Power Planes 

The Bt453/883 and any associated analog circuitry 
should have it's own power plane, referred to as the 
analog power plane. This power plane should be 
connected to the regular PCB power plane (VCC) at a 
single point through a ferrite bead, as illustrated in 
Figure 4. This bead should be located within three 
inches of the B t453/883. 

The PCB power plane should provide power to all 
digital logic on the PC board, and the analog power 
plane should provide power to all B t453/883 power 
pins, voltage reference circuitry, and any output 
amplifiers. 

It is important that portions of the regular PCB power 
and ground planes do not overlay portions of the 
analog power plane, unless they can be arranged such 
that the plane-to-plane noise is common mode. This 
will reduce plane-to-plane noise coupling. 
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Supply Decoupling 

The bypass capacitors should be installed using the 
shortest leads possible, consistent with reliable 
operation, to reduce the lead inductance. 

For the best performance, a 0.1 IlF ceramic capacitor 
should be used to decouple each of the three groups of 
V AA pins to OND. These capacitors should be placed 
as close as possible to the device. 

It is important to note that while the Bt453/883 
contains circuitry to reject power supply noise, this 
rejection decreases with frequency. If a switching 
power supply is used, the designer should pay close 
attention to reducing power supply noise and consider 
using a three terminal voltage regulator for supplying 
power to the analog power plane. 

Digital Signal Interconnect 

The digital inputs to the Bt453/883 should be isolated 
as much as possible from the analog outputs and other 
analog circuitry. Also, these input signals should not 
overlay the analog power plane. 

Due to the high clock rates involved, long clock lines 
to the Bt453/883 should be avoided to reduce noise 
pickup. 

Any active termination resistors for the digital inputs 
should be connected to the regular PCB power plane 
(VCC), and not the analog power plane. 

Analog Signal Interconnect 

The Bt453/883 should be located as close as possible 
to the output connectors to minimize noise pickup 
and reflections due to impedance mismatch. 

The video output signals should overlay the ground 
plane, and not the analog power plane, to maximize 
the high frequency power supply rejection. 

For maximum performance, the analog outputs should 
each have a 75-ohm load resistor connected to OND. 
The connection between the current output and OND 
should be as close as possible to the Bt453/883 to 
minimize reflections. 



Bt453/883 

PC Board Layout Considerations (continued) 

L1 

.sv (VcC) 

C1 Cl 

Bt453/883 

~ .... ,. .. ~ .. ~ .. ~ .... ~.............................. GROUND 

Rl R2 R3 
PSADJUST 

IOR~--------JL---L--~--~~~~~ 
IDGr---~--------~---r------------

TO 
VIDEO 

CONNECfOR 
ISYNC 

IOBr-----------------~------------

Location Description 

Cl -C6 0.1 jJ.F ceramic capacitor 
C7 10 jJ.F tantalum capacitor 
L1 ferrite bead 

Rl, R2, R3 75-ohm 1 % metal film resistor 
RSEr 280-ohm 1 % metal film resistor 

ZI 1.2v voltage reference 

Note: The above listed vendor numbers are listed only as a guide. Substitution of devices with similar 
characteristics will not affect the performance of the Bt453/883. 

Figure 4. Typical Connection Diagram and Parts List. 
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Recommended Operating Conditions 

Parameter Symbol Min Typ Max Units 

Power Supply VAA 4.5 5.0 5.5 Volts 
Ambient Operating Temperature TA - 55 + 125 ·C. 
Output Load RL 37.5 Oluns 
Reference Voltage VREF 1.14 1.235 1.26 Volts 
FS ADmST Resistor RSEf 280 Oluns 

Absolute Maximum Ratings 

Parameter Symbol Min Typ Max Units 

V AA (measured to GND) 7.0 Volts 

Voltage on any Digital Pin GND-O.5 VAA + 0.5 Volts 

Analog Output Short Circuit 
Duration to any Power Supply 
or Common ISC indefinite 

Ambient Operating Temperature TA - 55 + 125 ·C. 
Storage Temperature 15 - 65 + 150 ·C. 
Junction Temperature TJ + 175 ·C. 

Soldering Temperature 150L 260 ·C. 
(5 seconds, 1/4" from pin) 

aJC 18 ·C./W 

aJA 28 ·C./W 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those listed in the operational sections of this specification are not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 
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D.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Resolution (each DAC) 8 8 8 Bits 
Accuracy (each DAC) 

Integral Unearity Error IL ±l LSB 
Differential Linearity Error r.L ±1 LSB 
Gray Scale Error ±5 % Gray ScaJe 
Monotonicity guaranteed 

Coding Binary 

Digital Inputs 
Input High Voltage vrn 

CLOCK 2.4 Volts 
Other 2.0 Volts 

Input Low Voltage VlL 0.8 Volts 
Input High Current (Yin = V AA) IIH 1 ~ 
Input Low Current (Yin = Ov) llL -1 ~ 
Input Capacitance .... aN 10 pF 

Digital Outputs 
Output High Voltage VOO 2.4 Volts 

(lOH = -400 jIA) 
Output Low Voltage VOL 0.4 Volts 

(lOL = 3.2 rnA) 
3-State Current IUl 10 ~ 
Output Capacitance." COOUT 20 pF 

Analog Outputs .... • 
Output Current 

White Level Relative to Blank 17.69 19.05 20.40 rnA 
White Level Relative to Black 16.74 17.62 18.50 rnA 
Black Level Relative to Blank 0.95 1.44 1.90 rnA 
Blank Level on lOR, lOB 0 1 50 ~ 
Blank Level on lOG 6.29 7.62 8.96 rnA 
Sync Level on lOG 0 1 50 ~ 
LSB Size"· 69.1 ~ 

DAC to DAC Matching 3.5 7 % 
Output Compliance VOC - 1.0 + 1.4 Volts 
Output Capacitance·· CAOUT 30 pF 

Test conditions (unless otherwise specified): 100% tested at VAA = 4.5v and 5.5v, TA = -55°,25°, and 125° 
C., RSET = 280 ± 0.1% ohms, VREF = 1.235v. 

""Derived from characterization, not tested (fA = 25° C., VAA = 5v ± 10%). 

·"·lSYNC connected to lOG. 
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A.C. Characteristics 

Parameter Symbol Min Typ Max Units 

Clock Rate Fmax 40 MHz 

CS*, CO, Cl Setup Time 1 35 ns 
CS*, CO, C1 Hold Time 2 35 ns 

RD*, WR· High Time 3 25 ns 
RD" Asserted to Data Bus Driven 4 

TA = 25° C., 125° C. 5 ns 
TA=-55°C. 2 ns 

RD* Asserted to Data Valid 5 100 ns 
RD· Negated to Data Bus 3-Stated 6 15 ns 

WR"LowTime 7 50 ns 
Write Data Setup Time 8 35 ns 
Write Data Hold Time 9 5 ns 

Pixel and Control Setup Time 10 7 ns 
Pixel and Control Hold Time 11 3 ns 

Clock Cycle Time 12 25 ns 
Clock Pulse Width High 13 7 ns 
Clock Pulse Width Low 14 7 ns 

Analog Output Rise/Fall Time 15 8 ns 
Analog Output Settling Time" 16 25 ns 

V AA Supply Current""· 1M 190 300 rnA 

Test conditions (unless otherwise specified): 100% testing at V AA = 4.5v and 5.5v with T A = 25°C. QCI 
sample tested at V AA = 4.5v and 5.5v with TA = -55°,25°, and 125°C. RSET = 280 ohms ± 0.1%, VREF = 
1.235v. Input values are 0.8 to 2.4 volts, with input rise/fall times ~ 3 ns, measured between the 10% and 90% 
points. Timing reference points at 50% for inputs and outputs. Analog output load - 75 pF with 
doubly-terminated 50-ohm line. DO - D7 output load - 75 pF. See timing notes in Figure 6. 

"Derived from characterization, not tested (T A = 25° C., V AA = 5v ± 10%). 

""'at Fmax. IAA (typ) at VAA = 5.Ov. IAA (max) at VAA = 5.5v. IAA (max) 100% tested at TA = 25° C. IAA 
(typ) based on characterization. 
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Timing Waveforms 

CS-, co, Cl 

RD-. WR-

READ (DO - 07) 

WRII1! (DO - 07) 

PO-PI. 01.0. 01.1. 
SYNC-, BLANK-

I 
.I 

Bt453/883 

1 2_ ,~ 
VALID X 

7 

3 

5 J-6 I 

~ -
DATAOITr(RD' .0) 

./ 

t DATAIN(WR'.O) 

8 - -9 

Figure 5. MPU Read/Write Timing. 

12 17 

11 ~ lOR, 100. lOB. 
!SYNC --------------------=l-(l15 

Note 1: Settling time measured from the SO% point of full scale transition to the output remaining 
within ± 1 LSB. 

Note 2: Output rise/fall time measured between the 10% and 90% points of full scale transition. 

Figure 6. Video Input/Output Timing. 
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Ordering Information 

Ambient 
Model Number MTBP* Package Temperature 

(hours) Range 

Bt453SC883 0.54 x J06 40-pin 0.6" _55 0 to +125 0 C. 
Ceramic 

Sidebraze DIP 

*MTBP is calculated per MIL Handbook 217. 
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Advance Information 

This document contains information on a product under development. The 
parametric information are target parameters and are subject to change. 

Distinguishing Features Applications 

110 MHz Pipelined Operation • High Resolution Color Graphics 
• Multiplexed TIL Pixel Ports 

Triple 8-bit D/A Converters 
256 x 24 Dual Port Color Palette 
4 x 24 Dual Port Overlay Registers 

• RS-343A Compatible ROB Outputs 
• Bit Plane Read and Blink Masks 

Standard MPU Interface 
+5v CMOS Monolithic Construction 

• 84-pin Ceramic POA Package 
• Typical Power Dissipation: 2 W 

Functional Block Diagram 

ill" 

ro·P7 
(A·E) 

OLO·OLl 
(A·B) 

SYNC· 

BLANK" 

CE" R!W co CI 

Brooktree Corporation 
9950 Barnes Canyon Rd. 
San Diego, CA 92121 
(619) 452-7580 
(800) VIDEO IC 
TLX: 383596 
FAX: (619) 452-1249 
L458MOI 

• CAE/CAD/CAM Applications 
• Image Processing 
• Video Reconstruction 

Related Products 

• Bt438/883 

COMP 

lOR 

lOG 

lOB 

DO·D7 
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Bt458/883 
MIL-STD-883C, Class B 

Monolithic CMOS 

256 x 24 Color Palette 

110 MHz RAMDAC™ 

Product Description 

The Bt458/883 is a triple 8-bit RAMDAC 
designed specifically for high performance, 
high resolution color graphics. 

The architecture enables the display of 1280 
x 1024 bit mapped color graphics (up to 8 
bits per pixel plus up to 2 bits of overlay 
information), minimizing the use of costly 
EeL interfacing, as most of the high speed 
(pixel clock) logic is contained on chip. The 
multiple pixel ports and internal 
mUltiplexing enables TTL compatible 
interfacing (up to 28 MHz) to the frame 
buffer, while maintaining the 110 MHz video 
data rates required for sophisticated color 
graphics. 

The Bt458/883 has a 256 x 24 color lookup 
table with triple 8-bit video D/A converters. 
On chip features include programmable blink 
rates, bit plane masking and blinking, color 
overlay capability, and a dual-port color 
palette RAM. 

The Bt458/883 generates RS-343A 
compatible red, green, and blue video 
signals, and is capable of driving 
doubly-terminated 75-ohm coax directly, 
without requiring external buffering. 
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Packaging 

0000023 Rev. B 

Part Numbering System 

optional MIL-STD 883C, Class B processing for the S temperature 
range. 

optional speed gradeout information. For VIDEODACs and 
RAMDACs, specifies MHz. 

package type: 

C CERDIP 
CI ceramic I-lead (CERQUAD) 
D ceramic sidebraze DIP 
F ceramic flatpack (with heats ink) 

IN ceramic flatpack (no heatsink) 
o ceramic PGA 
L ceramic leadless chip carrier 
p plastic DIP 
PI plastic I-lead (PLCC) 
PF plastic Quad flatpack 
S 150 mil SOIC 

SW 300 mil SOIC 

performance gradeout: 

B -25 to+85 ·C. 

K Oto+70·C. 
(0 to + 85 ·C. for lOOK ECL) 

L Oto+70 ·C., Low power 

S - 55 to + 125 ·C. 

For other than standard grades, refer to the individual 
datasheet for letter designation. 

basic model number 

100 - 149 
200 - 249 
250 - 299 
300 - 399 
400 - 449 
450 - 499 
500 - 599 
600 - 699 
700 - 799 
800 - 899 
900 - 999 

12 - 4 

D/A converters 
AID converters 
imaging components 
reserved 
graphics peripherals 
RAMDACs 
general components 
ATE components 
reserved 
reserved 
reserved 



Device Marking (Top) 

Bt 
Bt458KG 125 -- part number 

ZZZ YYWW 

L ..... """(YY-.-.ww-.... ...., 
lot number (last three digits) 

12 -5 
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Packaging 

Thermal Resistance Information 

Power Dissipation Calculations 

The maximum power dissipation that an IC can tolerate is determined by the thermal impedance characteristics 
of the package. The equation to find the allowable power dissipation at a given ambient operating temperature 
is: 

PO = (fJ. TA)/9JA 

where: 
PO = power dissipation at ambient operating temperature 
TJ = maximum junction operating temperature (typically 150 ·C. is used) 
TA = maximum ambient operating temperature (free air) 
9 JA = typical thermal resistance of junction to ambient (·C / W) 

Packaging Notes 

1. Unless otherwise indicated, all thermal impedances listed are typical range values or values in static free air 
for the package only. These impedances will vary when additional heat sinking capability is provided through 
PCB solder attachment or air flow. 
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Packaging 

Plastic DIP Packages 

24-Pin 0.3" Plastic DIP 

aJA=70 ·C/W 

0,06 [1.524J R 

0,290-0,330 
[7,37-8,38J 

g 
0,009-0,015 ~ 

[0,228-0,381JL-j 

0,350 [8,89J 
NOM 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: :xxx ± 0.005 [0.127] 

1.210 [30,73J 

0,200 MAX 
[ 0.D15 [0,381J MIN I [5,08J 

T~O'''[3m Il J L---I 0,07;I~1.905J 
0,014-0,028 ---I 0,100 TYP 
[0,36-0,58J [2,54J 

3. Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 

28-Pin 0.6" Plastic DIP 

aJA= 60 ·C/W 

OPTIONAL EJECTOR PIN 

0,009-0,015 

[0,228-0,381J 

0,06 [1.524J R 

I-- 0,610-0,650 --I 
[15.49-16,51] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

--$ 0,530-0,560 

[13.46-14,22J 

0,200 MAX 

[~"O" 
r 0,125 [3.175J 

Il J L--l O,07~I~1.905J 
0,014-0,028 --I 0,100 TYP 
[0,36-0,58J [2,54J 

TYP 

3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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Packaging 

Plastic DIP Packages (continued) 

40-Pin 0.6" Plastic DIP 

8JA=50 'C/W 

1-----2,070 [52,578] I 
Il40lnr MAX 

0,06 [1.524] R ~::::::::::::::::::: I~~;:::n 
0,009-0,015 

0600-0620 
[15240 15748] 

[l5.49-16,511 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 

0,015-0,021 -II.­
[0,381-0,533] 

3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 

12 - 8 

0,125-0,135 
[3.175 3.429] 

J 
[2,54] 

TYP 

0,125 [3.175] 
MIN 

0,075 [1,905] 



16-Pin 0.3" CERDIP 

9 JA = 90 to 95 ·C I W 

[9.40-10,671 

20-Pin 0.3" CERDIP 

9 JA = 85 to 90 ·C I W 

CERDIP Packages 

0,750-0,785 

I" [) 9,05-19,939) 1 

00<' """ , 1:::::::15~~::' 
0,051-0,061 

[1.295-1.549) 

0,025 [0,635J 

LJ ~ 
[1.524) 

0,100 TYP 
[2,54J 

0290-0320 0053-0059 II [7 366-8 128J [1346-1 499J 
0,200 [5,080J MAX 

Packaging 

0,125 
[3.175J 

MIN 

1s:::ID I TYP 

!FfFl{ ,: :::: ~~~::::: ~;~:::;:::;:~:~;:~:~;:~;:~;:~~r= -:r-----'--+ 
~--r 
I DEG I 86-94 DEG JL I 

0,125 
[3,175J 

MIN 

~O 420 I TYP 0013-001:2 I 
[940-10,67J [0,330-0482J --I 

TYP 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 
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LL524J 

0090-0,110 
[2,29-2,79J 

TYP 

II 



Packaging 

CERDIP Packages (continued) 

24·Pin 0.3" CERDIP 

9 JA = 75 to 80 ·C I W 

0,025 [0,635] 

0053-0059 0290-0,320 Q [7366-8,128] [13_4_6_-_1_.4_9_9_] -++-__ 0_'2_0_0_[_5_'0_8,O_]_M-,
AX
/-t-

~c: :ii:!!:~:;se 
0,125 

[3,175] 
MIN 

DEG 86-94 DEG 

[9,40-10,671 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolei"aiices are: .XXX ± 0.005 [0.127J 

0,013-0,019 --H-J 
[0,330-0.482] 

3. Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 

24·Pin 0.6" CERDIP 

9 JA = 55 to 60 ·C I W 

r-- 1.270 [32,258] 

il24lnl 

0,025 [0,635] R 

0,060 MAX 
[1,524] 

MAX -----j 
Inlt3lii 

0,200 

0,515-0,530 
[13,081 13.462] 

0,590-0,620 ~ 0,055-0,065 
1714,986-15,748] 

~I L II ~ [~~~~=~:~~~o ] ~;:;;~;~;:;;~b:;;~~;:;;:~;:;;]--;--r 
~ . . - 0,008-0,012 

[0,203-0,305] I 0,125 [3,175] 

L 90-100 DEG J j J MIN 86-94 DEG I 
0,635-0,720 0,016-0,020 I--
[16,13 18,29] [0,406-0,508] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: XXX ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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Packaging 

CERDIP Packages (continued) 

28·Pin 0.6" CERDIP 

9JA=55to60 ·C/W 

0,025 [0,635J R 

0,590-0620 

1.490 [37,846J MAX 

0,515-0,530 
[13,081-13.462J 

0,200 [5,080J MAX 1c14,986-15748~ [1.397-1.651J 

k: II ~ [~"~~~=~'~;~~~~~ 
I-( :.r-; 000'-0'" :rJ 
L ~06-:~~0,~~: J [0'203-0~~~~4 

[16,764-18,034J 

40·Pin 0.6" CERDIP 

9 JA = 50 to 55 ·C / W 

[2,54J 
TYP 

0.125 [3175J 
MlN 

0,060-0,100 
[1.524-12,54J 

I· 2,060 [52,324J 1 

OM m,," ,~:::::::::::::::::]~~;:~, 
0,008-0,012 

[0,203-0,305] 

[17,02-18,29] 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

DEG 

0,055-0,065 

0,016-0,020 --H-­
[0.406-0,508] 

3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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J I j 0,050 [1.271 

~ 0.100 
[2,54] 

TYP 



Packaging Broddree~ 

Ceramic Sidebraze DIP Packages 

16-Pin 0.3" Ceramic Sidebraze DIP 

eJA=95 ·C/W 

0.485 
0.054 

[1.371J 
TYP r[123i9J1 0165 

t f'; ':':'0 "" 
0008-0015 rr1I 

[0.203-0.381lr ~ L 
[762J 

REF 

0.005 

[0127l j MIN 

[~:~~~J ~Il 
0015-0023 j 

[0.381-0.584J 

20-Pin 0.3" Ceramic Sidebraze DIP 

e JA = 85 to 90 ·c /W 

0.008-0.015 n 
[0.203-0.381l~.300 l-­

[7.62J 
REF 

NOTES - Unless otherwise specified: 

[0.381-0.584J 

1. Dimensions are in inches [millimeters}. 
2. Tolerances are: .xxx ± 0.005 [0.127} 

0090-0.110 
[2.29-2.79J 

[2.29-2.79J 

3. Pins are intended for insertion in hole rows on 0.300 [7.62} centers. 
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[3175J 

0020-0060 
[0.508-1524J 

[0.508-1524J 



Packaging 

Ceramic Sidebraze DIP Packages (continued) 

24-Pin 0.3" Ceramic Sidebraze DIP 

9JA=60to6S ·C/W 

PIN NO, 1 

0.008-00t5 Fl 
[o'203-0,381]~,300 ~ 

[7,62] 
REF 

0,054 l t 0,600 

[1:?;~] Ir[15'24]1~~II~;] 
~ 0.125 MIN 

[3.175] 

0,020-0,060 
[0,508-1.524] 

[0,381-0,584] 
0,090-0.110 
[2,29-2,79] 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 
3 . Pins are intended for insertion in hole rows on 0.300 [7.62] centers. 

24-Pin 0.6" Ceramic Side braze DIP 

9JA= 55 to 60 ·C/W 

1.230 <31.242) ----i 
lnrml 

PIN NO, 1 !DENT 

0.125 0,050 

0,008-0.015 ( I I I ~ 
(0,203-0,38DT ~ 

I. 0,590-0,620·1 0,098 
<14,99-15,75) (2.489) 

REF 

I I I 0,090-0,110 II 0,015-0,023 
I-- ---I I-- (2,29-2,79) ---11--(0,381-0,584) 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 

12 - 13 



Packaging Broddree® 
Ceramic Sidebraze DIP Packages (continued) 

28·Pin 0.6" Ceramic Sidebraze DIP 

9 JA = 55 to 60 ·C / W 

PIN NO. 1 IDENT 

( [[ ~ 
(~.~~~=~~18~)-i- ~ 

h 0.590-0.620 _I 
(14.99-15.75) 

REF 

1.430 (36.322) 

0.598 
(15189) 

005~0-J~'020-0060 
~ mco~,,,,, 

0.165 
(4191) 

=r2 0.090-0.~ --I I-- 0.015-0.023 --If- ~~ MIN 
(2.29-2.79) (0.381-0.584) (3.175) 

40·Pin 0.6" Ceramic Sidebraze DIP 

9JA=50to55 ·C/W 

0.008-0ms 
(0.203-0.38D 

PIN NO. 1 [DENT 

NOTES - Unless otherwise specified: 

0.605 
(15.37) 

0.040-0.060 

~
O~ (1.016-1.524) 

~ 
0.200 
<5:68) 

-l' 
LEADS VERTICAL ~ ~ 0.090-0.110 II 0.016-0.020 (~1;7S5) MIN 
TO 15 DEG. MAX (2.29-2.79) ---II-- (0 406-0 508) . 
DUTVIARD TYP . . 

1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .XXX ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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Ceramic Cavity Down DIP Packages 

40-Pin 0.6" Ceramic Cavity Down DIP 

9 JA = 30 to 40°C I W 

c---- 2050 [5207] -:=J 
0.525 [13.33] 

0075 

[1905i L ---.£ 0 140 [3556] 

0400 

f4 

Packaging 

0.015 LID 

[0.381] ~r 
0048 [1218] TYP 

LF T ~----JC~~h 
0100 r- 0200 [5.0B] 0.070 

[1.778] 

[254] -I L QJQQ TYP 0015-0020 JL ,- ~ 10° 

[254] [0.3Bl-0.50B] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 
3. Pins are intended for insertion in hole rows on 0.600 [15.24] centers. 
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0.600-0.660 

[15.2H6.76] 

-1-- 0.008-0.012 

[0.203-0.305] 

II 



Packaging 

Plastic J-Lead (PLCC) Packages 

28-Pin Plastic J-Lead 

9 JA = 75 to 80 ·C I W 

PIN NO 1 

44-Pin Plastic J-Lead 

9 JA = 42 to 48 ·C I W 

0.045,45 DEG 

[1.143] 

PIN NO.1 

PIN NO 1 IDENT 

0165-0180 

[419-457] 

0100-0110 

[254-279] 

PIN NO. 1 IDENT 

0.690 

[17.526] 

SQ 0.654 -a--­
[16.612] 

SQ 

+--s-

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: XXX ± 0.005 [0.127] 

~ 
0.390-0.430 
[9.91-10.92] 

tJ 
[0.406] 

PIN NO.1 IDENT 

3. PLeC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Brocktree~ 

Plastic J-Lead (PLCC) Packages (continued) 

68-Pin Plastic J-Lead 

9JA=42to48 ·C/W 

0048 --! L 
[1.219] -I 1-

11f) 

0.016 

[0.406] 

Packaging 

0029 

[0736] 

~ 
DETAIL A 

0.175 --j 
[ 4.445J 

t om 
[2.87] 

I 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
3. PLCC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Packaging 

Plastic J-Lead (PLCC) Packages (continued) 

84-Pin Plastic J-Lead 

eJA=42to48 ·C/W 

o 
[1 

.045 

.143] 

1 
f 

~~~ [30.226] 
1.154 SQ 

r[29.311] 1 
1.000 REF 
[25.4] 1.120 

[28.448] 

--L-....::;::=t# ~ 

t 0.099 
[2.514J 

0.170 
[ 4.318] 

0.035 R 
[0.889] 

0.029 
[0.736] 

~ .rF~~~---.L 0.065 

0.016 
[0.406] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 

[1.651] 

t 

3. PLCC packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Ceramic J-Lead (CERQUAD) Packages 

28-Pin Ceramic J-Lead 

eJA=60to65 'C/W 

I 
0.460 MAX 

[11 684] 

~ 
o 050 TYP --l I---J L 
[127] 0019 TYP 

[0483] I 
~ 0180[4.572]MAX 

0.040 , 

[1.016] 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 

! 
0490 

[124 

I 
MAX 

46] 

Packaging 

3. CERQUAD packages are intended for surface mOWiting on solder lands on 0.050 [1.27] centers. 
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Packaging Brod\:treeQD 

Ceramic Pin Grid Array (PGA) Packages 

68-Pin Ceramic PGA 

9 JA = 30 to 40°C I W 

<I 

~
1.160 [29464J SQ 

1.000 [254J SQ 

0,077 
[1,955J 

00000000-
K 0@0000000@ 

00m
00 00 00 

00 00 
00 00 
00 00 
00 00 
000 00 
o 0000000@0 

000000000 
1 2 3 4 5 6 7 8 9 10 11 

SEE DETAIL A 

0,100 
TYP 

[2,540J 

1 , it045 [1.143J 

-r=r a 024 [0,609J 

,i~ 0,050 [127J 

DETAIL A 
4 PL 

68-Pin Ceramic PGA with Heatsink and Alignment Pin 

9 JA = 27 to 34°C I W 

HEATSINK SHALL NOT PROTRUDE OUTSIDE 
PACKAGE MDRE THAN 0.025 [0.635J 
IN ANY DIRECTION. 

8 
11.125 [28,575J I 

fE1J60 [29464J SQ 

1.000 [25'~4] SQ 

0,077 MAX 
[1.955] 

00000000-
K 0@0000000@ 

J 00ID100 
00 00 
00 00 
00 00 
00 00 
00 00 
000 00 

B 0 0000000@0 
000000000 

1 2 3 4 5 6 7 8 9 10 11 

SEE DETAlL A 

0,100 
-- TYP 
[2,540] 

0,325 [8,255J ~-~ ~ 0,100 [2,54J 
r- 0.150-0170 

-r- [3,81-4,318J 

~[::7-0'019 

1 , it045 [1.143J 

~1 0,024 [0,609] 
I ~ 0,050 [1.27] 

[0431 0.482] 
DETA[L A 

4 PL 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 
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Packaging 

Ceramic Pin Grid Array (PGA) Packages (continued) 

84-Pin Ceramic PGA 

o JA = 25 to 30 ·C /W o ~~027~YP'-1----- 1 ;~~094Tr~ 
0100 
~-TYP 

[254J 

.@)@)@)@)@)@)@)@)@)$. 
@)@)@)@)@)@)@)@)@)@)@)@) 
@)@)@) @)@)@) 
@)@) @)@) 
@)@) @)@) 
@)@) @)@) 

@)@) 
@)@) 

~;'====j:=='--,J@) @) 
@)@) @)@)@) 

r--------- 1 215 SQ 

I~ [3086J 

<C)l @)@)o@)@)@)@)@)@)@)@)@) L 
@)@)@)@)@)@)@)@)@)@ r 

~ DIA LI 0150-0170 PIN NO 1 ~ 
IDENTIFIER 

SEE DETAIL A [0 457J [3.81-4318J 

1.it045 [1.143J 

~ 0.024 [0.609J 

A~ 0.050 [1.27] 

DETAIL A 
132-Pin Ceramic PGA 

4 PL 

oJA=20t025 ·C/W 

PIN NO.1 !DENT ~ 
L0085 [2.159J 

1.300 
[33.02J 0.100 [2.540J 

p @)@)@)@)@)@)@)@)@)@)@) n 
N@)@)@)@)@)@)@)@)@)@)@)@)@)@) 
M@)@)@)@)@)@)@)@)@)@)@)@)@)@) 

L @) @) @) 1.400 
K @) @) @) [35.56J 
J @) @) @) SQ 
H @)@)@) 
G @)@)@) 
r @)@)@) 
E @)@)@) 
D @) @) @) '-----'-l-I===-t-",,-,,;;u;:.'!---,-­
C@)@)@)@)@)@)@)@)@)@)@)@)@)@) 
B@)@)@)@)@)@)@)@)@)@)@)@)@)@) 
A @)@)@)@)@)@)@)@)@)@)@)@)@ 

1 2 3 4 5 6 7 8 9 10 11121314 

SEE DETAIL A -W 045 
[j 143J 

Ii" IU 
I iiiiiWiiiiii~ 

0.016-0.020 JL L 0.180 [4.572J 
[0.406 0,508J I -T0024 

I ~ 0,050 

[0.609J 
[1.27] 

NOTES - Unless otherwise specified: 
1 . Dimensions are in inches [millimeters]. 
2. Tolerances are: .XXX ± 0.005 [0.127] 
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Packaging 

Ceramic Pin Grid Array (PGA) Packages (continued) 

144-Pin Ceramic PGA with Alignment Pin 

OJA= 18to23 ·C/W 

I--- "00 [35560] NP -----

STANDOFF 0.180 [4572J 
.M.!Q.DIAMIN\ 
[1016]'Pl \ 

L~ 
00"-0020 T I 1_ 

[0 '06-0 508] ----1 r--- 0050 [1 270] 
145 PL 

NOTES - Unless otherwise specified: 

OETAIl A 
Hl 

1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xXX ± 0.005 [0.127] 
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Ceramic Flatpack Packages 

32·Pin Ceramic Flatpack with Heat Sink 

9JA = 20 to 2S ·C/W 

0040 
- TYP ---I f--­
[1 016] I I 

PIN NO 1 INDEX ~, 

L 
0013-0017 J 

[0.330 - 0.431] 

TYP 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
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1/4-28 X 3/8 LONG 
COPPER SCREW 

~ 0.070 

[1.778] 

Packaging 

II 



Packaging 

Ceramic Leadless Chip Carrier Packages 

20·Pin Ceramic Leadless Chip Carrier 

OJA=90 ·C/W 

/.r------, 

F 0.050 19 PL 
[1.27) 

r-rvr;vr-,vr'1Vr~ 0.025 ---.r [0.635) 
TYP 

PIN 1 

0.020 [0.508) X 45' 0040 [1.016) X 45' 3 PL 

44·Pin Ceramic Leadless Chip Carrier 

alA= 100 ·C/W 

0635 0665 -

[16.129-16.891] 
SQ 

0.075 0.050 [1.27] 43 PL 

~ 0.075-0.095 [1.905-2.413] 

PI N 1 + 
~ 

0.020 [0.508] X 45 0 

0 0.040 [1.016] X 45 3 PL 

NOTES - Unless otherwise specified: 
1. Dimensions are in inches [millimeters]. 
2. Tolerances are: .xxx ± 0.005 [0.127] 
3 . Packages are intended for surface mounting on solder lands on 0.050 [1.27] centers. 
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Sales Offices 

Domestic and International Sales Offices 

Eastern US Office 
Brooktree COIpOralion 
2000 Regency Parkway, #144 
Cary, NC 27511 
(919) 467-7418 
FAX: (919) 460-9858 

Western US Office 
Brooktree COIpOration 
21 Andalucia 
Irvine, CA 92714 
(714) 756-0815 
FAX: (714) 756-0820 

Far East Office 
Brooktree COIpOration 
22 A Garden Terrace II 
8 A Old Peak Road 
Hong Kong 
852 (5) 868 0635 
FAX: 852 (5) 840 0276 

Northeastern US Office 
Brooktree COIpOration 
3 Littleton Road, Suite 1 
Westford, MA 01886 
(508) 371-2343 
FAX: (508) 692-5081 

European Office 
Brooktree COIpOration 
Keizer1aan 18 
1900 Overijse 
Be1giwn 
32 (2) 657-2403 
FAX: 32 (2) 657-1155 
TLX: 846 263 19 
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Northwestern US Office 
Brooktree COIpOIation 
4701 Patrick Henry Drive 
Building 12 
Santa Clara, CA 95054 
(408) 732-0923 
FAX: (408) 748-1163 

Japan Office 
Brooktree COIpOration 
1-8-10 Akasaka 
Minato-ku, Tokyo, 107 
Japan 
(813) 588 0414 
FAX: (813) 721-5270 



Sales Offices 

Domestic Representatives 

Alabama Colorado Dyne-A-Mark 
1001 NW 62nd St. #108 

NovusGroup Promotional Tech Ft. Lauderdale, FL 33309 
2905 Westcorp Blvd., Suite 120 7490 Clubhouse Road, #204 (305) 771-6501 
HlDltsville, AL 35805 Boulder, CO 80301 FAX: (305) 772-0114 
(205) 534-0044 (303) 5304774 
FAX: (205) 534-0186 FAX: (303) 5304776 Georgia 
TLX: 910380 6329 

Promotional Tech NovusGroup 
Arkansas 6920 Hillridge Place 6115-A Oakbrook Parkway 

Parker, CO 80134 Norcross, GA 30093 
OM Assoc. (303) 8414664 (404) 263-0320 
2323 N. Central Expressway FAX: (303) 8414202 FAX: (404) 263-8946 
Suite 150 TLX: 9103806330 
Richardson, TX 75080 Connecticut 
(214) 690-6746 Idaho 
FAX: (214) 690-8721 Comp Rep Associates 
TLX: 629 23447 9 Carlton Street Westerberg & Assoc. 

Wallingford, CT 06492 7165 SW Fir Loop 
California (203) 269-1145 Portland, OR 97223 
San Diego I Imperial Co. FAX: (203) 269-2819 (503) 620-1931 

TLX: 710465 639 1 FAX: (503) 684-5376 
Gary Chilcote Assoc. 
P.O. Box 1795 Delaware Illinois 
2010 Winterwarm Road Northern 
Fallbrook, CA 92028 Deltatronics 
(619) 728-7678 9425 StentonAve. Oasis Sales 
FAX: (619) 728-3738 Ches1nut Hill, PA 19118 1101 Tonne Road 

(215) 248-0294 Elk Grove Village, IL 60007 
California FAX: (215) 247-2655 (312) 640-1850 
Northern FAX: (312) 640-9432 

District of Columbia TLX: 625 783 40 
Quorum 
4701 Patrick Henry Dr. ComoySales Illinois 
Bldg. 12 1022 Gteen Acre Road Southern 
Santa Clara, CA 95054 Baltimore, MD 21204 
(408) 980-0812 (301) 296-2444 SPS Associates 
FAX: (408) 748-1163 FAX: (301) 296-2457 3301 Ryder Trail South, #110 

Earth City, MO 63045 
California Florida (314) 291-0520 
LA I Orange I Ventura Co. FAX: (314) 291-7138 

Dyne-A-Mark 
lITRC 500 E. Semoran Blvd. #15A Indiana • 1111 El Camino Real #104 Casselberry, FL 32707 
Tustin, CA 92680 (407) 831-2822 Valentine Associates 
(714) 730-9561 FAX: (407) 8344524 P.O. Box 242 
FAX: (714) 730-9585 1000 N. Madison Ave., #S-2 

Dyne-A-Mark Gteenwood, IN 46142 
HTRC 573 S. Duncan Avenue (317) 888-2260 
31332 Via Colinas, Suite 109 Clearwater, FL 34616 FAX: (317) 8814904 
Westlake Village, CA 91362 (813) 4414702 
(818) 706-2916 FAX: (813) 4474120 
FAX: (818) 706-2178 
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Sales Offices 

Domestic Representatives (continued) 

Valentine Associates Maryland Montana 
1638 Lincoln Way East 
South Bend, IN 46613 Conroy Sales Westerberg & Assoc. 
(219) 288-7070 1022 Green Acre Road 12505 NE Bel-Red Rd., #112 
FAX: (219) 233-1779 Baltimore, MD 21204 Bellevue, W A 98005 

(301) 296-2444 (206) 453-8881 
Iowa FAX: (301) 296-2457 FAX: (206) 453-8758 
Northern 

Massachusetts Nebraska 
SPS Associates 
119 19th St #101 Boucher Associates SPS Associates 
West Des Moines, IA 50265 3 littleton Road 21930 Locust 
(515) 225-0607 Westford, MA 01886 P.O. Box 57 
FAX: (515) 225-8713 (508) 692-7503 Panama, NE 68419 

FAX: (508) 692-5081 (402) 788-2536 
Iowa FAX: (402) 788-2537 
Southern Michigan 

Nevada 
SPS Associates A.P. Associates Excluding Clark Co. 
3301 Ryder Trail South, #110 P.O. Box 777 
Earth City, MO 63045 810 East Grand River Quorum Technical Sales 
(314) 291-0520 Brighton, MI 48116 4701 Patrick Henry Dr. 
FAX: (314) 291-7138 (313) 229-6550 Bldg. 12 

FAX: (313) 229-9356 Santa Clara, CA 95054 
Kansas (408) 980-0812 

Minnesota FAX: (408) 748-1163 
SPS Associates 
P.O. Box 2167 Com-TekSales New Hampshire 
300 A Clairbome 6525 City West Parkway 
Olathe, KS 66062 Eden Prairie, MN 55344 Boucher Associates 
(913) 764-4460 (612) 941-7181 3 Littleton Road 
FAX: (913) 764-6161 FAX: (612) 941-4322 Westford, MA 01886 

TLX: 714310122 (508) 692-7503 
Louisiana FAX: (508) 692-5081 

Mississippi 
OMAssoc New Jersey 
10500 Richmond Ave., #115 NovusOroup Northern 
Houston, TX 77042 2905 Westcorp Blvd., Suite 120 
(713) 789-4426 Huntsville, AI 35805 ERA 
FAX: (713) 789-4825 (205) 534-0044 354 Veterans Memorial Hwy. 
TLX: 829 234 50 FAX: (205) 534-0186 Commack, NY 11725 

TLX: 9103806329 (516) 543-0510 
Maine FAX: (516) 543-0758 

Missouri 
Boucher Associates New Jersey 
3 littleton Road SPS Associates Southern 
Westford, MA 01886 3301 Ryder Trail South, #110 
(508) 692-7503 Earth City, MO 63045 Deltatronics 
FAX: (508) 692-5081 (314) 291-0520 9425 Stenton Ave. 

FAX: (314) 291-7138 Chestnut Hill, P A 19118 
(215) 248-0294 
FAX: (215) 247-2655 
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Sales Offices 

Domestic Representatives (continued) 

New York Lyons Rhode Island 
Metropolitan 4615 W. Streetsboro Rd. 

Richfield, OH 44286 Boucher Associates 
ERA (216) 659-9224 3 Littleton Road 
354 Veterans Memorial Hwy. FAX: (216) 659-9227 Westford, MA 01886 
Commack, NY 11725 (508) 692-7503 
(516) 543-0510 Lyons FAX: (508) 692-5081 
FAX: (516) 543-0758 248 N. State Street 

Westerville,OH 43081 South Carolina 
New York (614) 895-1447 

FAX: (614) 891-9945 NovusGroup 
Quality Components 5337 Trestlewood Lane 
3343 Harlem Road Oklahoma Raleigh, NC 27610 
Buffalo, NY 14225 (919) 833-7771 
(716) 837-5430 OMAssoc FAX: (919) 856-1644 
FAX: (716) 837-0662 2323 N. Central Expressway TLX: 510600 055 8 

Suite 150 
Quality Components Richardson, TX 75080 South Dakota 
P.O. Box 71 (214) 690-6746 
116 Fayette Street FAX: (214) 690-8721 Com-Tele Sales 
Manlius, NY 13104 TLX: 62923447 6525 City West Parkway 
(315) 682-8885 Eden Prairie, MN 55344 
FAX: (315) 682-2277 Oregon (612) 941-7181 

FAX: (612) 941-4322 
North Carolina Westerberg & Assoc. TLX: 714310 122 

7165 SW Fir Loop 
NovusGroup Portland, OR 97223 Tennessee 
5337 Trestlewood Lane (503) 620-1931 Eastern 
Raleigh, NC 27610 FAX: (503) 684-5376 
(919) 833-7771 NovusGroup 
FAX: (919) 856-1644 Pennsylvania 6115-A Oakbrook Parkway 
TLX: 510600 055 8 Eastern Norcross, GA 30093 

(404) 263-0320 
North Dakota Deltalrorucs FAX: (404) 263-8946 

9425 Stenton Ave. TLX: 910380633 0 
Com-TeleSales Chesblut Hill, PA 19118 
6525 City West Parkway (215) 248-0294 Tennessee 
Eden Prairie, MN 55344 FAX: (215) 247-2655 Western 
(612) 941-7181 
FAX: (612) 941-4322 Pennsylvania NovusGroup 
TLX: 714310 122 Western 2905 Westcorp Blvd., Suite 120 

Huntsville, AL 35805 
Ohio Lyons (205) 534-0044 • 4615 W. Streetsboro Rd. FAX: (205) 534-0186 
Lyons Richfield, OH 44286 TLX: 9103806329 
4812 Frederick Rd., #101 (216) 659-9224 
Dayton, OH 45414 FAX: (216) 659-9227 
(513) 278-0714 
FAX: (513) 278-3609 
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Sales Offices 

Domestic Representatives (continued) 

Texas 

OM Assoc. 
13916 Burnet Road, #301 
Austin, TX 78728 
(512) 388-1151 
FAX: (512) 244-9505 
TLX: 629 234 49 

OM Assoc. 
10500 Richmond Ave., #115 
Houston. TX 77042 
(713) 789-4426 
FAX: (713) 7894825 
TLX: 829 234 50 

OM Assoc. 
2323 N. Central Expressway 
Suite 150 
Richardson, TX 75080 
(214) 690-6746 
FAX: (214) 690-8721 
TLX: 629 234 47 

Utah 

Promotional Tech. 
7050 Union Park Center. #240 
Salt Lake City. UT 84047 
(801) 566-8919 
FAX: (801) 266-9081 

Virginia 

Conroy Sales 
1022 Green Acre Road 
Baltimore, MD 21204 
(301) 296-2444 
FAX: (301) 296-2457 

Vermont 

Boucher Associates 
3 Littleton Road 
Westford. MA 01886 
(508) 692-7503 
FAX: (508) 692-5081 

Washington 

Westerberg & Assoc. 
12505 NE Bel-Red Rd., #112 
Bellevue. W A 98005 
(206) 453-8881 
FAX: (206) 453-8758 

Wisconsin 
Eastern 

Oasis Sales 
1305 N. Barker Road 
Brookfield. WI 53005 
(414) 782-6660 
FAX: (414) 782-7921 

Wisconsin 
Western 

Com-Tek Sales 
6525 City West Parkway 
Eden Prairie, MN 55344 
(612) 941-7181 
FAX: (612) 9414322 
TLX: 714310122 
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Canada 
Eastern 

ESP 
5200 Dixie Road. Suite 201 
Mississauga, Ontario L4W1E4 
(416) 626-8221 
FAX: (416) 238-3277 

ESP 
3-447 Mc Leod Street 
Ottawa, Ontario KIR 5P5 
(613) 236-1221 
FAX: (613) 236-7119 

ESP 
16 Me Kee Street 
Chateqguay. Quebec JNJ 3N1 
(514) 691-8129 
FAX: (514) 691-2726 

Canada 
Western 

Westerberg & Assoc. 
12505 NE Bel-Red Rd .• #112 
Bellevue. W A 98005 
(206) 453-8881 
FAX: (206) 453-8758 



Brodrtree® Sales Offices 

Domestic Distributors 

Alabama California Marshall 
LA / Orange / Ventura Co. 3039 Kilgore Avenue, #140 

Marshall Rancho Cordova, CA 95670 
3313 Memorial Parkway South Anthem (916) 635-9700 
Huntsville, AL 35801 20640 Bahama St. FAX: (916) 635-6044 
(205) 881-9235 Chatsworth, CA 91311 
FAX: (205) 881-1490 (818) 700-1000 Western Micro 

FAX: (818) 709-7639 12900 Saratoga Avenue 

Alaska Saratoga, CA 95070 
Anthem (408) 725-1660 

Marshall 1 Oldfield Drive FAX: (408) 255-6491 
11715 Northcreek Parkway S. Irvine, CA 92718-2809 
Suite 112 (714) 7684444 California 
Bothell, WA 98011 FAX: (714) 3804747 San Diego / Imperial Co. 
(206) 486-5747 
FAX: (206) 486-6964 Insight Electronics Insight Electronics 
TLX: 910443 301 4 28038 Dorothy Drive, #2 6885 Flanders Drive, Suite G 

Agoura Hills, CA 91301 San Diego, CA 92121 
Arizona (818) 707-2100 (619) 587-9757 

FAX: (818) 707-0321 FAX: (619) 587-1380 

Anthem 
1727 East Weber Drive Insight Electronics Marshall 
Tempe,AZ 85281 3505 Cadillac Ave. Suite E-l 10105 Carroll Canyon Road 

(602) 966-6600 Costa Mesa, CA 92626 San Diego, CA 92131 
FAX: (602) 966-4826 (714) 556-6890 (619) 578-9600 

FAX: (714) 556-6897 FAX: (619) 586-0469 

Insight Electronics 
1515 W. University Drive, #105 Marshall Colorado 
Tempe, AZ 85281 9710 De Soto Avenue 
(602) 829-1800 Chatsworth, CA 91311 Anthem 
FAX: (602) 967-2658 (818) 407-0101 373 Inverness Drive S. 

FAX: (818) 709-5334 Inglewood, CO 80112 
Marshall (303) 790-4500 
9830 S. 51st St., Suite B121 Marshall FAX: (303) 790-4532 
Phoenix, AZ 85044 One Morgan Circle 

(602) 496-0290 Irvine, CA 92718 Marshall 
FAX: (602) 893-9029 (714) 458-5312 12351 N. Grant Street 

FAX: (714) 581-5255 Thornton, CO 80241 

Arkansas (303) 451-8383 
California FAX: (303) 457-2899 

Marshall Northern 

2045 Chenault Street Connecticut 
Carrollton, TX 75006 Marshall 

III (214) 770-0600 336 Los Coches Street Anthem 
FAX: (214) 770-0675 Milpitas, CA 95035 170 Research Parkway 

(408) 9424659 Meriden, CT 06450 
Quality Components FAX: (408) 262-1224 (203) 237-2282 
3158 So. 108th East Ave. #274 FAX: (203) 237-6026 
Tulsa, OK 74146 
(918) 664-8812 
FAX: (918) 664-8515 
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Sales Offices 

Domestic Distributors (continued) 

Marshall Marshall Indiana 
20 Sterling Dr, Barns Ind. Pk. 2840 Scherer Dr., Suite 410 
P.O. Box 200 St. Petersburg, FL 33716 Marshall 
Wallingford, IT 06492 (813) 573-1399 6990 Corporate Drive 
(203) 265-3822 FAX: (813) 573-0069 Indianapolis, IN 46278 
FAX: (203) 284-9285 (317) 297-0483 

Georgia FAX: (317) 297-2787 
Delaware 

Marshall Kansas 
Anthem 5300 Oakbrook Parkway #140 
9020A Mendenhall Court Norcross, GA 30093 Marshall 
Columbia, MD 21045 (404) 923-5750 10413 W. 84th Terrace 
(301) 995-6640 FAX: (404) 923-2743 Lenexa, KS 66214 
FAX: (301) 381-4379 (913) 492-3121 

QlC Southeast FAX: (913) 492-6205 
Marshall 6145-B Northbelt Parkway 
2221 Broadbirch Dr., Suite C Norcross, GA 30071 Kentucky 
Silver Spring, MD 20904 (404) 449-9508 Eastern 
(301) 622-1118 FAX: (404) 449-0275 
FAX: (301) 622-0451 Marshall 

Idaho 10413 W. 84th Terrace 
District of Columbia Lenexa, KS 66214 

Anthem (913) 492-3121 
Anthem 1279 W. 2200 S. FAX: (913) 492-6205 
Horsham Business Center Salt Lake City, UT 84119 

355 Business Center Drive (801) 973-8555 
Kentucky 

Horsham, PA 19044 FAX: (801) 973-8909 
Western 

(215) 443-5150 
FAX: (215) 675-9875 Marshall 

466 Lawndale Drive, Suite C Marshall 

Marshall Salt Lake City, UT 84115 6990 Corporate Drive 

2221 Broadbirch Dr., Suite C (801) 485-1551 Indianapolis, IN 46278 

Silver Spring, MD 20904 FAX: (801) 487-0936 (317) 297-0483 

(301) 622-1118 
FAX: (317) 297-2787 

FAX: (301) 622-0451 Western Micro 
N. 2128 Pines, Suite 1714 Louisiana 

Florida Spokane, W A 99206 
(509) 926-3286 Marshall 

Marshall 3313 Memorial Parkway South 

380 S. North Lake Blvd., #1024 Illinois Huntsville, AL 35801 

Altamonte Springs, FL 32701 (205) 881-9235 

(407) 767-8585 Anthem FAX: (205) 881-1490 

FAX: (407) 767-8676 180 Crossen Avenue 
Elk Grove Village, IL 60007 Maine 

Marshall (312) 640-6066 

2700 W. Cypress Creek Road FAX: (312) 640-6302 Marshall 

SuiteC106 33 Upton Drive 

Ft. Lauderdale, FL 33309 Marshall Wilmington, MA 01887 

(305) 977-4880 50 E. Commerce Dr., Uuit 1 (508) 658-0810 
,FAX: (305) 977-4887 Schaumberg,IL 60173 FAX: (508) 657-5931 

(312) 490-0155 
FAX: (312) 490-0569 
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Sales Offices 

Domestic Distributors (continued) 

Anthem Marshall Nebraska 
36 Jospin Road 3955 Annapolis Lane 
Wilmington, MA 01887 Plymouth, MN 55447 Alliance Electronics 
(508) 657-5170 (612) 559-2211 11030 Cochiti SE 
FAX: (508) 657-6008 FAX: (612) 559-8321 Albuquerque, NM 87123 

(505) 292-3360 
Maryland Mississippi FAX: (505) 292-6537 

Anthem Marshall Marshall 
9020A Mendenhall Court 3313 Memorial Parkway South 10413 W. 84th Terrace 
Columbia, MD 21045 Huntsville, AL 35801 Lenexa, KS 66214 
(301) 995-6640 (205) 881-9235 (913) 492-3121 
FAX: (301) 381-4379 FAX: (205) 881-1490 FAX: (913) 492-6205 

Marshall Missouri New Hampshire 
2221 Broadbirch Dr., Suite C 
Silver Spring. MD 20904 Marshall Anthem 
(301) 622-1118 12774 Boenker 36 Jospin Road 
FAX: (301) 622-0451 Bridgeton, MO 63044 Wilmington, MA 01887 

(314) 291-4650 (508) 657-5170 
Massachusetts FAX: (314) 291-5391 FAX: (508) 657-6008 

Anthem Marshall Marshall 
36 Jospin Road 10413 W. 84th Terrace 33 Upton Drive 
Wilmington, MA 01887 Lenexa, KS 66214 Wilmington, MA 01887 
(508) 657-5170 (913) 492-3121 (508) 658-0810 
FAX: (508) 657-6008 FAX: (913) 492-6205 FAX: (508) 657-5931 

Marshall Montana New Jersey 
33 Upton Drive Northern 
Wilmington, MA 01887 Marshall 
(508) 658-0810 9705 S.W. Gemini Dr. Anthem 
FAX: (508) 657-5931 Beaverton, OR 97005 311 Route 46 West 

(503) 644-5050 Fairfield, NJ 07006 
Michigan FAX: (503) 646-8256 (201) 227-7960 

FAX: (201) 227-9246 
Marshall Western Micro 
31067 Schoolcraft 1800 NW 169th Place, #b300 Marshall 
Livonia, MI 48150 Beaverton, OR 97006 101 Fairfield Road 

(313) 525-5850 (503) 629-2082 Fairfield. NJ 07006 
FAX: (313) 525-5855 FAX: (503) 629-8645 (201) 882-0320 

FAX: (201) 882-0095 

Minnesota II New Jersey 
Anthem Southern 
10025 Valley View Rd .• #160 
Eden Prairie, MN 55344 Anthem 

(612) 944-5454 311 Route 46 West 
FAX: (612) 944-3045 Fairfield. NJ 07006 

(201) 227-7960 
FAX: (201) 227-9246 
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Sales Offices 

Domestic Distributors (continued) 

Marshall Marshall QJC Southeast 
158 Gaither Drive 9830 S. 51st St., Suite B121 3029-105 Stonybrook Dr. 
Mt. Laurel, NJ 08054 Phoenix, AZ 85044 Raleigh, NC 27604 
(609) 234-9100 (602) 496-0290 (919) 876-7767 
FAX: (609) 778-1819 FAX: (602) 893-9029 FAX: (919) 876-6964 

Nevada Marshall North Dakota 
Las Vegas 2150 Trawood, Suite Bl60 

EI Paso, TX 79935 Marshall 
Marshall (915) 593-0706 3955 Annapolis Lane 
9830 S. 51st St., Suite B121 FAX: (915) 594-1894 Plymouth, MN 55447 
Phoenix, AZ 85044 (612) 559-2211 
(602) 496-0290 New York FAX: (612) 559-8321 
FAX: (602) 893-9029 

Anthem Ohio 
Nevada 400 Oser Avenue 
Eastern Hauppauge, NY 11788 Marshall 

(516) 273-1660 3520 Park Center Drive 
Marshall FAX: (516) 273-1823 Dayton, OH 45414 
466 Lawndale Drive, Suite C TLX: 510227 104 2 (513) 898-4480 
Salt Lake City, UT 84115 FAX: (513) 898-9363 
(801) 485-1551 Marshall 
FAX: (801) 487-0936 275 Oser Avenue Marshall 

Hauppauge, NY 11788 30700 Bainbridge Road, Unit A 
Nevada (516) 273-2424 Solon,OH 44139 
Carson City FAX: (516) 4344775 (216) 248-1788 

FAX: (216) 248-2312 
Marshall Marshall 
3039 Kilgore Avenue, #140 129 Brown Street Marshall 
Rancho Cordova, CA 95670 Johnson City, NY 13790 212 S. State Street 
(916) 635-9700 (607) 798-1611 Westerville, OH 43081 
FAX: (916) 635-6044 FAX: (607) 797-7031 (614) 891-7580 

FAX: (614) 891-9945 
New Mexico Marshall 

1250 Scottsville Road Oklahoma 
Alliance Electronics Rochester, NY 14624 

11030 Cochiti SE (716) 235-7620 Quality Components 
Albuquerque, NM 87123 FAX: (716) 235-0052 3158 So. 108th East Ave. #274 
(505) 292-3360 Tulsa, OK 74146 
FAX: (505) 292-6537 North Carolina (918) 664-8812 

FAX: (918) 664-8515 
Marshall Marshall 
12351 N. Grant Street 5224 Green's Dairy Road Marshall 
Thornton, CO 80241 Raleigh, NC 27604 2045 Chenault Street 
(303) 451-8383 (919) 878-9882 Carrollton, TX 75006 
FAX: (303) 457-2899 FAX: (919) 872-2431 (214) 770-0600 

FAX: (214) 770-0675 
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Sales Offices 

Domestic Distributors (continued) 

Oregon Marshall Tennessee 
33 Upton Drive Western 

Marshall Wihnington, MA 01887 
9705 s.w. Gemini Dr. (508) 658-0810 Marshall 
Beaverton, OR 97005 FAX: (508) 657-5931 3313 Memorial Parkway South 
(503) 644-5050 Huntsville, AL 35801 
FAX: (503) 646-8256 South Carolina (205) 881-9235 

FAX: (205) 881-1490 
Western Micro Marshall 
1800 NW 169th Place, #B300 5224 Green's Dairy Road QIC Southeast 
Beaverton, OR 97006 Raleigh, NC 27604 6145-B Northbelt Parkway 
(503) 629-2082 (919) 878-9882 Norcross, GA 30071 
FAX: (503) 629-8645 FAX: (919) 872-2431 (404) 449-9508 

FAX: (404) 449-0275 
Pennsylvania QlC Southeast 
Eastern 3029-105 Stonybrook Dr. Texas 

Raleigh, NC 27604 
Anthem (919) 876-7767 Quality Components 
Horsham Business Center FAX: (919) 876-6964 4257 Kellway Circle 
355 Business Center Drive P.O. Box 819 
Horsham, PA 19044 South Dakota Addison, TX 75001 
(215) 443-5150 (214) 733-4300 
FAX: (215) 675-9875 Marshall FAX: (214) 250-0216 

3955 Annapolis Lane 
Marshall Plymouth, MN 55447 Quality Components 
158 Gaither Drive (612) 559-2211 2120-M West Braker Lane 
Mt Laurel, NJ 08054 FAX: (612) 559-8321 Austin, TX 78758 
(609) 234-9100 (512) 835-0220 
FAX: (609) 778-1819 Tennessee FAX: (512) 339-9252 

Eastern 
Pennsylvania Quality Components 
Western Marshall 1005 Industrial Blvd. 

5300 Oakbrook Parkway #140 Sugarland, TX 77478 
Marshall Norcross, GA 30093 (713) 240-2255 
701 Alpha Drive, #240 (404) 923-5750 FAX: (713) 240-6988 
Pittsburgh, PA 15238 FAX: (404) 923-2743 
(412) 963-0441 Marshall 
FAX: (412) 963-7982 QlC Southeast 8504 Cross Park Drive 

6145-B Northbelt Parkway Austin, TX 78754 

Rhode Island Norcross, GA 30071 (512) 837-1991 
(404) 449-9508 FAX: (512) 832-9810 

Anthem FAX: (404) 449-0275 
36 Jospin Road Marshall - Brownsville 

II Wihnington, MA 01887 44 W. Jefferson, Suite C 

(508) 657-5170 Brownsville, TX 78520 

FAX: (508) 657-6008 (512) 542-4589 
FAX: (512) 542-1045 
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Sales Offices 

Domestic Distributors (continued) 

Marshall 
2045 Chenault Street 
Carrollton, TX 75006 
(214) 770-0600 
FAX: (214) 770-0675 

Marshall 
2150 Trawood, Suite B 160 
El Paso, TX 79935 
(915) 593-0706 
FAX: (915) 594-1894 

Marshall 
7250 Langtry 
Houston, TX 77040 
(713) 895-9200 
FAX: (713) 462-6714 

Utah 

Anthem 
1279 W. 2200 S. 
Salt Lake City, UT 84119 
(801) 973-8555 
FAX: (801) 973-8909 

MarshaJl 
466 Lawndale Drive, Suite C 
Salt Lake City, UT 84115 
(801) 485-1551 
FAX: (801) 487-0936 

Vermont 

Marshall 
33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 
FAX: (508) 657-5931 

Anthem 
36 Jospin Road 
Wilmington, MA 01887 
(508) 657-5170 
FAX: (508) 657-6008 

Virginia 

Marshall 
2221 Broadbirch Dr. 
SuiteC 
Silver Spring, MD 20904 
(301) 622-1118 
FAX: (301) 622-0451 

Washington 

Marshall 
11715 Northcreek Parkway S. 
Suite 112 
Bothell, W A 98011 
(206) 486-5747 
FAX: (206) 486-6964 
TLX: 910 443 301 4 

Western Micro 
14636 NE 95th SL 
Redmond, W A 98052 
(206) 881-6737 
FAX: (206) 882-2996 

Western Micro 
N. 2128 Pines, Suite 1714 
Spokane, W A 99206 
(509) 926-3286 

West Virginia 

Marshall 
2221 Broadbirch Dr. 
SuiteC 
Silver Spring, MD 20904 
(301) 622-1118 
FAX: (301) 622-0451 
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Wisconsin 
Eastern 

Marshall 
20900 Swenson Drive 
Waukesha, WI 53186 
(414) 797-8400 
FAX: (414) 797-8270 

Wisconsin 
Western 

Marshall 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612) 559-2211 
FAX: (612) 559-8321 

Wyoming 

Marshall 
466 Lawndale Drive, Suite C 
Salt Lake City, UT 84115 
(801) 485-1551 
FAX: (801) 487-0936 



Sales Offices 

International Representatives/Distributors 

Australia Denmark India 

Energy Control C-88 Oriole Services 
26 BoronSl Kokkedal Industripark 101 PB#9275 
Swnner Park 04074 2980 Kokkedal 4 Kurla Industrial Estate 
Brisbane Denmark Ghatkopar, Bombay 
Australia 45 (2) 244.888 India 40() 086 
61 (7) 376 2955 FAX: 45 (2) 244.889 (512) 2973 
FAX: 61 (7) 376 3286 TLX: 855411 98 TLX: 9531172102 
TLX: 790437 78 

C-88 Jylland Israel 
Fromark Poul Gernessvej 17 
P.O. Box 115 7430lkast Vectronics 
366 Whitehorse Road Denmark P.O. Box 2024 
Nunawading Vic 3131 45 (7) 250.816 60 Medinat Hayehudim Sl 
Australia HerzIia B 46120 
61 (3) 868 1255 Finland Israel 
FAX: 61 (3) 877 4236 (972) 52 556 070 
TLX: 79035045 Torion FAX: (972) 52 556 508 

P.O. Box 51 TLX: 922 342 579 
Promark Liusketie 3, Pihlajarnaki 
P.O. Box 381 00711 Helsinki Italy 
Crows Nest, N.S.W. 2065 Finland 
Australia (358) 0 372 144 Microelit S.P.A. 
61 (2) 439 6477 FAX: (358) 0 373558 Via Sardegna, 1 
FAX: 61 (2) 436 0863 TLX: 857 124 388 20146 Milano 
TLX: 790204 74 Italy 

France 39 (2) 481.7900 
Austria FAX: 39(2)481.3594 

Tekelec TLX: 843 334 284 
Moor Lackner BPNo.2 
Lamezanstr.l0 1 Rue Carle Vernet Microelit 
1310 Vienna 92315 Sevres Cedex Via Nicola Marchese, 10 
Austria France Roma 
431610620 331 (45) 347 535 Italy 
FAX: 431 610 621 51 FAX: 331 (45) 072191 39 (6) 8894.323 
TLX: 847 135 701 TLX: 842204 552 FAX: 39 (6) 8275.270 

TLX: 843 616 104 
Belgium Hong Kong 

Master Chips Lestina International 
Bid. Sl Lazare 4 Room 405, Park Tower 
1210 Bruxelles 15 Austin Road • Belgiwn Tsimshatsui, Kowloon 
32(2)219.58.62 Hong Kong 
FAX: 32(2)217.92.01 (852) 3 735 1736 
TLX: 846 625 00 FAX: (852) 3 7305260 

TLX: 780578 15 
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Sales Offices 

International Representatives/Distributors (continued) 

Japan Norway DIP Electronics Ab 
Danvikcenter 

Kanematsu Eltron Box 15046 
6-1 Shintomi, l-chome Aslakveien 20f 104 65 Stockholm 
Chuo-ku Tokyo, 104 N-0753 Oslo 7 Sweden 
Japan Norway 46 (8) 44 91 90 
81 (3) 551-7791 47 (2) 500.650 FAX: 46 (8) 4300 47 
FAX: 81 (3) 551-7889 FAX: 47 (2) 502.777 TLX: 854 156 73 
TLX: 7812523798 TLX: 856 771 44 

Switzerland 
Nissei Electronics Singapore 
Hitachi Atago Bldg. Kontron 
15-12, Nishi-shimbashi 2-chome Desner Electronics Bemerstrasse - Sued 169 
Minato-ku, Tokyo 105 190 Middle Road Ch-801 0 Zurich 
Japan # 16-07 Fortune Centre Switzerland 
81 (3) 504-7921 Singapore 0718 41 (1) 435 41 11 
FAX: 81 (3) 504-7900 653373188 FAX: 41 (1) 621118 
TLX: 781 27481 FAX: 65337 318 0 TLX: 845 822 196 

TLX: 786391 91 
H.Y. Associates Taiwan 
1-10, Sekimachi-kita, 3-chome Spain 
Nerima-ku Sertek 
Tokyo 177, Semiconductores 5FL 135 Sec. 2 Chien Kuo N Rd 
Japan Ronda General Mitre, 240 Taipei 10479 
81 (3) 929-7111 08006 Barcelona Taiwan R.O.C. 
FAX: 81(3)928-0301 Spain 886 (2) 501 0055 
TLX: 781 232268 1 34 (3) 217 23 40 FAX: 886 (2) 501 2521 

FAX: 34 (3) 217 65 98 TLX: 785 237 56 
Korea TLX: 831977 87 

The Netherlands 
Kortronics Enterprise Semiconductores 
Room 202, Seojung Bldg. Talia, 7 Alcorn 
830-24, Y oksarn-dong 28022 Madrid Esse Baan I, P.O. Box 358 
Kangnarn-ku 135-080 Spain 2900 U Capelle AID Ijssel 
Seoul, Korea 34 (1) 742.2313 The Netherlands 
82 (2) 562-9055 FAX: 34 (1) 742.3681 31 (10) 451.9533 
FAX: 82(2)557-1096 TLX: 831 (52) 47331 FAX: 31 (10) 458.6482 
TLX: 787 267 59 TLX: 844 26160 

Sweden 
New Zealand United Kingdom 

Martinsson 
Energy Control Instrumentvagen 16, Box 9060 Tharne Components 
23 Haining Street S-12609 Hagersten Tharne Park Road 
Wellington Sweden Tharne, Oxon OX9 3XD 
New Zealand 46 (8) 744-0300 United Kingdom 
64 (4) 858-742 FAX: 46 (8) 744-3403 44 (84) 421.4561 
FAX: 64(4)828-850 TLX: 854 130 77 FAX: 44 (84) 421.8847 

TLX: 851837917 
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Sales Offices 

International Representatives/Distributors (continued) 

West Germany 

Tekelec 
Postfach 152027 
Kapuzinerslr. 9 
8000 Munchen2 
West Germany 
49 (89) 51640 
FAX: 49 (89) 516 410 
TLX: 841 522 241 

Tekelec 
Neumann-Reichardt Sir. 34 
2000 Hamburg 70 
WestGennany 
49 (40) 656.7091 
FAX: 49 (40) 656.7096 
TLX: 8412173605 

Tekelec 
Klaraslr 1-2 
4300 Essen 1 
West Germany 
49 (201) 791.030 
FAX: 49 (201) 791-044 
TLX: 841 857 995 4 
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Tek:elec 
Max-Planck-Sir 19 
6072 Dreieich 1 
West Germany 
49 (6103) 352.57 
FAX: 49 (6103) 352.56 
TLX: 841418585 8 

• 
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Brooldree' 
Brooktree Corporation 
9950 Barnes Canyon Road 
San Diego, CA 92121 
(619) 452-7580 
1 (800) VIDEO-Ie 
DB002-4~89 


