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4 Pin Configuration and Functions
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Pin Descriptions

e PIN NO. I/0 DESCRIPTION
A0 3 le}
Al 5 110
A2 6 110
A3 7 110 . . .
TTL Level, latched input/TRI-STATE output (with Vyx control option)
A4 9 110
A5 10 110
A6 12 110
A7 13 110
BO 27 110
B1 26 110
B2 24 110
B3 23 I/0 Data input with special threshold circuitry to reject noise/Open Collector output, High
B4 21 /O current drive
B5 20 110
B6 19 110
B7 17 110
OEB 0 15 [ _
— Enables the B outputs when both pins are low
OEB 1 16 |
OEA 2 | Enables the A outputs when High
LE 28 | Latched when High (a special delay feature is built in for proper enabling times)
Vy 14 | Clamping voltage keeping Vo from rising above Vy (Vx = V¢ for normal use)

Copyright © 2012-2015, Texas Instruments Incorporated
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5 Specifications
5.1 Absolute Maximum Ratings®
MIN MAX UNIT
Supply Voltage (Vcc) -0.5 7.0 Y
Vx, Von Output Level Control Voltage (A Outputs) -0.5 7.0 \%
OEBnN, OEA, LE Input Voltage (V) -0.5 7.0 \Y
A0-A7, BO-B7 Input Voltage (V) -0.5 55 \%
Input Current (1)) -40 5 mA
Voltage Applied to Output in High Output State (V) -0.5V +Vee
AO—A7 Current Applied to Output in Low Output State (Ig) 40 40 mA
B0O-B7 Current Applied to Output in Low Output State (lo) 200 200 mA
Lead Temperature (Soldering 10 Sec.) 260 °C
Power Dissipation @ 740 mw
Storage temperature ‘ Tstg -65 +150 °C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not guarantee specific performance limits. For specified specifications and test conditions, see the
Electrical Characteristics. The specified specifications apply only for the test conditions listed. Some performance characteristics may
degrade when the device is not operated under the listed test conditions.

(2) The maximum power dissipation must be derated at elevated temperatures and is dictated by T;j,ax (maximum junction temperature),
034 (package junction to ambient thermal resistance), and T, (ambient temperature). The maximum allowable power dissipation at any
temperature is Ppmax = (Timax - Ta)/03a Or the number given in the Absolute Maximum Ratings, whichever is lower.

5.2 ESD Ratings

MIN MAX UNIT

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all

pins® @ 500 v

VEsp) | Electrostatic discharge

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) Czap = 120 pF, Rzap = 15000

5.3 Recommend Operating Conditions

MIN MAX UNIT
Supply Voltage (Vcc) 45 5.5 \Y,
Operating Temp. Range (Ta) -55 +125 °C
5.4 Thermal Information
DS1776QML
THERMAL METRIC® FK0028A UNIT
28 PINS
Rgia Junction-to-ambient thermal resistance +67.5 °C/W
Reacitop) Junction-to-case (top) thermal resistance See ']\_AélééSTD' °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

4 Copyright © 2012-2015, Texas Instruments Incorporated
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5.5 Quality Conformance Inspection

Table 1. Mil-Std-883, Method 5005 - Group A

Subgroup Description Temp (°C)
1 Static tests at +25
2 Static tests at +125
3 Static tests at -55
4 Dynamic tests at +25
5 Dynamic tests at +125
6 Dynamic tests at -55
7 Functional tests at +25
8A Functional tests at +125
8B Functional tests at -55
9 Switching tests at +25
10 Switching tests at +125
11 Switching tests at -55
12 Settling time at +25
13 Settling time at +125
14 Settling time at -55
5.6 PiBus Transceiver DS1776 DC Parameters
The following conditions apply, unless otherwise specified. Vcc = 5.5V
SYMBOL PARAMETER CONDITIONS NOTES MIN  MAX UNIT ngSPS
ViLz Low Level In Voltage Bn Vee = 4.5 See® 1.45 v 1,2,3
Vi1 All Other Inputs Vec =45 .8 \% 1,2,3
Vin giELAe’VEIn’"E’—Et Voltage OEBN, See® | 20 v 1,2,3
Vg2 High Level In Voltage BO-B7 1.6 \% 1,2,3
lom1 High Level Output Current An xgi z g:g’vv”\‘ = Vin or Vi, See® -3.0 mA 1,2,3
lonz2 High Level Output Current Bn x;czzz%s\’/’\('/;: ggvlv 100 HA 1,2,3
loL1 Low Level Output Current An xg‘i : g:g\’/v”\‘ = Vin O Vi, See® 20 mA 1,2,3
loL2 Low Level Output Current Bn xgﬁ ; ffs\\//”\‘ = Vin or Vi, 100 mA 1,2,3
|\(/)CHC: _g'fﬁA\{'Q‘/x ;/'ﬁlg\rlv'“’ 25 45 Vv 1,2 3
Vou High Level Output Voltage An Vee = 4.5, Vin = VL of Vi,
lon = -0.4 mA, 25 Vi \Y 1,2,3
Vx =3.13 to 3.47V
Vce = 4.5, VL = Max,
VoL Low Level Output Voltage An Vg = Min, lg. = 20mA, 0.5 \% 1,2,3
Vx = Ve
xﬁfz‘l\j{g: I\c/>ILL z %%Xr;‘ A 1.15 Vv 1,2 3
VoLs Low Level Output Voltage Bn
Vee = 4.5, Vi = Max, 0.4 Vv 123
Vi = Min, lg. = 4mA T
Vi Input Clamp Voltage An Vee = 4.5, || = -40mA -0.5 \% 1,2,3
Vi Input Clamp Voltage Other Inputs | Ve = 4.5, I, = -18mA -1.2 \% 1,2,3

(1) Tested Go-No-Go
(2) Same as Vg test.
(3) Same as Vg test.

Copyright © 2012-2015, Texas Instruments Incorporated
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Pi Bus Transceiver DS1776 DC Parameters (continued)

The following conditions apply, unless otherwise specified. Vcc = 5.5V

SYMBOL PARAMETER CONDITIONS NOTES MIN  MAX UNIT GSSSPS
Input Current Max Input Voltage - —
lH1 OEBn, OEA, LE Vee =5.5, V= 7.0V 100 HA 1,2,3
o Input Current Max Input Voltage Vee = 5.5, V| = 5.5V 1.0 mA 1,23
An, Bn
s SER I_L%/el Input Current OEBnN, Vee = 5.5, V) = 2.7V 20 LA 1,23
liHa High Level Input Current Bn Vec =5.5,V, =21V 100 HA 1,2,3
Low Level Input Current OEBN, _ _
hiy OEA, Except OEBn or OEA Vee =55, V=05V -20 KA 1,23
J— -20 HA 1
liL2 Low Level Input Current LE Vce =5.5,V,=0.5V
-40 pA 2,3
liLs Low Level Input Current Bn Vee =5.5,V,=0.3V -100 HA 1,2,3
lozn + 4 TRI-STATE Output Current, High _ _
Level Voltage Applied An Vee =55, Vo = 2.7V 0 KA 123
lozL + )L TRI-STATE Output Current, Low _ _ )
Level Voltage Applied An Vee =55 Vo = 0.5V 70 KA 123
Vee =55, Vx =55V,
LE = OEA = OEBn = 2.7V, -100 100 pA 1,2,3
AO0-A7 = 2.7, BO-B7 = 2V
Ix High Level Control Current Vce = 5.5, BO-B7 = 2V
Vx = 3.13V and 3.47V,
LE = OEA=2.7V, ;10 10 mA 1,23
OEBn = AQ-A7 = 2.7V,
Lo ~ |Vee=5.5,Bn=1.9V,
los Short Circuit Output Current A0- | 523 "5 0y GEBn = 2.7V, See® | .60 -150 | mA 1,2,3
A7 only —
Vo =0V
37 mA 1,2
lccH Supply Current (Total) Icch Vce = 5.5, Viy (An) = 5.0V al A 3
38 mA 1,3
lccL Supply Current (Total) IccL Vce = 5.5, Viy (An) = 0.5V o A )
lccz Supply Current (Total) lccz Vee = 5.5, Vin (An) = 0.5V 35 mA 1,2,3
loft Power Off Output Current BO-B7 \\;CC_Zl\gi’an =21V, VL = Max, 100 HA 1,2,3
H =

(4) Not more than one output should be shorted at a time. For testing lpos, the use of high speed test apparatus and/or sample-and-hold
techniques are preferable in order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged
shorting of a High output may raise the chip temperature above normal and thereby cause invalid readings in other parameter tests. In
any sequence of parameter test, log tests should be performed last.

5.7 Pi Bus Transceiver DS1776 AC Parameters:

B To A Path

The following conditions apply, unless otherwise specified. Vcc =5V £10%, C, = 50pF, R, = 500Q

SYMBOL PARAMETER CONDITIONS NOTES MIN  MAX UNIT GSSLBJPS
tpLH Propagation Delay B to A Waveform 1, 2 4.5 17 ns 9, 10, 11
tpHL Propagation Delay B to A Waveform 1, 2 6.0 17 ns 9, 10, 11
tpzH Output Enable OEA To A Waveform 3, 4 4.0 17 ns 9, 10, 11
tpzL Output Enable OEA To A Waveform 3, 4 4.0 21 ns 9, 10, 11
tpHz Output Disable OEA to A Waveform 3, 4 2.0 12 ns 9, 10, 11
tpLz Output Disable OEA to A Waveform 3, 4 2.0 13 ns 9, 10, 11

Copyright © 2012-2015, Texas Instruments Incorporated
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5.8 Pi Bus Transceiver DS1776 AC Parameters:

A To B Path

The following conditions apply, unless otherwise specified. V¢ =5V +£10%, C_ = 30pF, R, = 9Q

SYMBOL PARAMETER CONDITIONS NOTES MIN  MAX UNIT GlggLBJPS
. 2.0 13 ns 9,11
tpLH Propagation Delay A to B Waveform 1, 2 20 T ns 10
tpHL Propagation Delay A to B Waveform 1, 2 2.5 13 ns 9,10, 11
tpLH Propagation Delay LE to B Waveform 1, 2 2.0 16 ns 9,11
2.0 22 ns 10
tpHL Propagation Delay LE to B Waveform 1, 2 2.0 16 ns 9,10, 11
. o 2.0 13 ns 9,11
tpLH Enable / Disable Time OEBn to B | Waveform 1, 2
2.0 16 ns 10
3.5 14 ns 9
tpuL Enable / Disable Time OEBn to B | Waveform 1, 2 35 13 ns 10
3.5 16 ns 11

5.9 Pi Bus Transceiver DS1776 AC Parameters:

The following conditions apply, unless otherwise specified. Vcc =5V £10%

Setup / Hold / Pulse Width Specifications

SYMBOL PARAMETER CONDITIONS NOTES MIN  MAX UNIT GSSLBJPS
ts Ato LE Setup Waveform 5 7.0 ns 9,10, 11
ty A to LE Hold Waveform 5 0.0 ns 9,10, 11
tw LE Pulse Width Low Waveform 5 12 ns 9, 10, 11

An,Bn,OEBn, LE 1.5V 1.5V
tpLu tpHL
Vou
An,Bn 1.5V 1.5V

VoL

Figure 1. Propagation Delay For Data To Output

OEBn, LE 1.5V 1.5V
teuL tpLu
VoH
An,Bn 1.5V 1.5V

VoL

Figure 2. Propagation Delay For Data To Output

OEA 1.5V 1.5V

tpzn tpuz
Vo = 0.3V
An 1.5V
0.0V

Figure 3. TRI-STATE Output Enable Time
To High Level And Output Disable
Time From High Level

Copyright © 2012-2015, Texas Instruments Incorporated
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Figure 4. TRI-STATE Output Enable Time
To Low Level And Output Disable
Time From Low Level

A, %K 1.5V 7k /jl 1.5V %
t, t

The shaded areas indicate when the input is permitted to change for predictable output performance.
Figure 5. Data Setup And Hold Times And Le Pulse Widths

5.10 Test Circuit And Waveforms
Figure 6. Test Circuit For TRI-STATE Outputs On A Side

V%‘: 7.0V
VIN
PULSE
GENERATOR D.U.T.
1T LD
(Includes jig
capacitance)
Table 2. Switch Position
Test Switch
tpLz, trzL Closed
All Other Open

Figure 7. Test Circuit For TRI-STATE Outputs On B Side

Vee
? 2.0V
ViN Vour Ry 90
PULSE
GENERATOR DUT.
(Includes jig

capacitance)

DEFINITIONS

R, = Load resistor 500Q

C, = Load capacitance includes jig and probe capacitance

Rt = Termination resistance should be equal to Zg of pulse generators.

Ry = Pull up resistor

Copyright © 2012-2015, Texas Instruments Incorporated
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Figure 8. Input Pulse Definition

I t W AMP (V)
NecaTve 0% " 90%
PULSE 1.5V 1.5V
10% 10%
LOW Vv
— tri(ty) —’I =— trnt)
— trn(t) — t(ty)
TLH ‘“I THL /f-\MP v
10% 10%
POSITIVE 15y 15y
PULSE g9y ¢ 90%
_7 I w | ‘_ LOW V
Input Pulse Characteristics
Amplitude Low V Rep. Rate tw trLH trHL
A Side 3.0V 0.0v 1 MHz 500 ns 2ns 2ns
B Side 2.0V 1.0v 1 MHz 500 ns 2ns 2ns

Copyright © 2012-2015, Texas Instruments Incorporated
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6 Detailed Description

15 DC
OEBO
16 DC
OEB1
2 N
OEA I/
)
LE
3
A0 Data 0_@_‘ 27
p— BO
—Q| LE e
5
A1l Data 0_@_‘ 26
p— B1
—Q| LE oo
6
A2 Data 0_@_‘ 24
p— B2
—Q| LE e
7
A3 Data 0_@_‘ 23
p— B3
—Q| LE e
9
A4 Data 0_@_‘ 21
p— B4
—Q| LE ) &
10
AS Data 0_@_‘ 20
p— BS
—Q| LE oo
12
A6 Data 0_@_‘ 19
p— B6
—Q| LE ) &
13
A7 Data 17
ﬁ >—e— 87
—Q| LE I’ Samm

VCC =Pin1l
Vy = Pin 14
Gnd = Pins 4, 8, 11, 18, 22, 25

Figure 9. Functional Logic Diagram

10 Copyright © 2012-2015, Texas Instruments Incorporated
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Table 3. Function Table®
Inputs Latch Outputs Mode

An Bn® LE | OEA | OEBO | OEB 1 State An Bn

H X L L L L H Zz H A TRI-STATE, Data from A to B
L X L L L L L Zz L

X X H L L L Qn Z Qn A TRI-STATE, Latched Data to B
— — L H L L See® See®@ See®@ Feedback: Ato B, B to A

— H H H L L H® H off® Preconditioned Latch Enabling
— L H H L L H® L off® Data Transfer from B to A

— — H H L L Qn Qn Qn Latch State to A and B

H X L L H X H Zz off

L X L L H X L Zz off B off and A TRI-STATE

X X H L H X Qn Zz off

— H L H H X H H off

— L L H H X L L off

— H H H H X Qn H off B off, Data from B to A

— L H H H X Qn L off

H X L L X H H Zz off

L X L L X H L Zz off B off and A TRI-STATE

X X H L X H Qn Zz off

— H L H X H H H off

— L L H X H L L off B off, Data from B to A

— H H H X H Qn H off

— L H H X H Qn L off

(1) H =High Voltage Level
L = Low Voltage Level
X = Don't Care
— = Input not externally driven
Z = High Impedance (off) state _
Qn = High or Low voltage level one setup time prior to the Low-to-High LE transition
(2) Condition will cause a feedback loop path; Ato B and B to A.
(3) Precaution should be taken to ensure that the B inputs do not float. If they do, they are equal to a Low state. _
(4) The latch must be preconditioned such that B inputs may assume a High or Low level while OEB 0 and OEB 1, are Low and LE is high.

6.1 Controller Power Sequencing Operation
The DS1776 has a design feature which controls the output transitions during power up (or down). There are two
possible conditions that occur.

1. When LE = Low and OEBn = Low, the B outputs are disabled until the LE circuit can take control. This
feature ensures that the B outputs will follow the A inputs and allow only one transition during power up (or
down).

2. If LE = High or OEBn = High, then the B outputs still remain disabled during power up (or down).

JRA © 2012-2015, Texas Instruments Incorporated 11
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7 SRRSO SR

7.1 HXHEE
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective

contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

7.2 TR

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

7.3 FRECRES

A XA E QS AR AE ESD /Y. FEAEEEREIRT, ROK L — B0 B 2 B E T RS, LB E MOS 148 52 i HiA
hia\ i
7.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

8 MUtk HFEMAITER

DA TP 3@ AU, P3N iT I 2. XL R B XR i d M TR B o B dls . XS dln e A TRl HoA
A AT AT I DU KA . AR 2B R AW S A, 15 20 2 O A A

12 AL © 2012-2015, Texas Instruments Incorporated
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PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
5962-9231701M3A ACTIVE LCCC FK 28 25 RoHS-Exempt Call Tl Level-1-NA-UNLIM -55to 125 DS1776E
& Green /883 Q
5962-92317
01M3A ACO
01M3A >T
DS1776E/883 ACTIVE LCCC FK 28 25 RoHS-Exempt Call Tl Level-1-NA-UNLIM -55to 125 DS1776E Samples
& Green /883 Q
5962-92317
01M3A ACO
01M3A >T
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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MECHANICAL DATA

FK (S*CQCC*N**) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN
- 8 17 16 15 14 13 12 NO. OF A 5
TERMINALS
/e ™ o MIN MAX MIN MAX
19 11
20 0.342 | 0.358 | 0.307 | 0.358
20 10 (8,69) | (9,09) | (7,80) | (9,09)
o1 9 )8 0.4472 | 0.458 | 0.406 | 0.458
— (11,23) |(11,63) | (10,31) | (11,63)
22 8 an 0.640 | 0.660 | 0.495 | 0.560
A SQ . : (16,26) |(16,76) | (12,58) | (14,22)
59 0.740 | 0.761 | 0.495 | 0.560
24 6 (18,78 (19,32) | (12,58) |(14,22)
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25 5
g 88 1193,83)|(24.43)| (21,6) | (21.,8)
84 1141 1.165 1.047 | 1.063
26 27 28 1 2 3 4 (28,99) [(29,59) | (26,6) | (27.0)
’ 0.080 (2,03)
0.064 (1,63)
£ 0020 (0,51) &

0.010 (0,25)

0045 (1,14)

0.035 (0,89)

A b

, , 0.045 (1,14)
0.022 (0.54) 4 # L*f 0.035 (0,89)
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A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004
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