National
Semiconductor

General Description

The DS91C176 and DS91D176 are 100 MHz single channel
M-LVDS (Multipoint Low Voltage Differential Signaling)
transceivers designed for applications that utilize multipoint
networks (e.g. clock distribution in ATCA and uTCA based
systems). M-LVDS is a new bus interface standard (TIA/
EIA-899) optimized for multidrop networks. Controlled edge
rates, tight input receiver thresholds and increased drive
strength are sone of the key enhancments that make M-LVDS
devices an ideal choice for distributing signals via multipoint
networks.

The DS91C176/DS91D176 are half-duplex transceivers that
accept LVTTL/LVCMOS signals at the driver inputs and con-
vert them to differential M-LVDS signals. The receiver inputs
accept low voltage differential signals (LVDS, B-LVDS, M-
LVDS, LV-PECL and CML) and convert them to 3V LVCMOS

DS91D176/DS91C176
100 MHz Single Channel M-LVDS Transceivers
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signals. The DS91D176 has a M-LVDS type 1 receiver input
with no offset. The DS91C176 has an M-LVDS type 2 receiver
which enable failsafe functionality.

Features

m DC to 100+ MHz / 200+ Mbps low power, low EMI
operation

m Optimal for ATCA, uTCA clock distribution networks

Meets or exceeds TIA/EIA-899 M-LVDS Standard

Wide Input Common Mode Voltage for Increased Noise

Immunity

DS91D176 has type 1 receiver input

DS91C176 has type 2 receiver with fail-safe

Industrial temperature range

Space saving SOIC-8 package

Typical Application in an ATCA Clock Distribution Network

Slot Card N Slot Card N+1
MLVDS Transceivers MLVDS Tranzceivegs
M M M MMHM xvnvx M M MW
80QRr & CLK1A (8 KHz) < 80Q Ry
80QRr & CLKIB (8 KHz) S 80QRr
80QRr &  CLK2A (19.44 MHz) < 80Q Ry
80QRr &  CLK2B (19.44 MHz) S 80Q Ry
80QRr &  CLK3A (User Defined up to 100 MHz) < 80QRr
80QRr &  CLK3B (User Defined up to 100 MHz) < 80Q Ry
ATCA Backplane
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DS91D176/DS91C176

Connection and Logic Diagram
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; 20024601
Top View

Order Number DS91D176TMA, DS91C176TMA
See NS Package Number M0SA

Ordering Information

state.

\\— Transition Region

Order Number | Receiver Input Function Package Type
DS91D176 TMA type 1 Data (0V threshold receiver) SOIC/M08A
DS91C176TMA type 2 Control (100 mV offset fail-safe receiver) SOIC/M08A
M-LVDS Receiver Types Type 1 Type 2 boy
The EIA/TIA-899 M-LVDS standard specifies two different '
types of receiver input stages. A type 1 receiver has a con- High High
ventional threshold that is centered at the midpoint of the input + 150 mV
amplitude, V|p/2. A type 2 receiver has a built in offset that is
100mV greater than V p/2. The type 2 receiver offset acts as Vip v 50 mv
a failsafe circuit where open or short circuits at the input will ‘ ,/////////////////////////////////////7/ < /////% 7 ov
always result in the output stage being driven to a low logic - %///%///%/%%///5% """""" [~
-50 mvV
Low Low
\ 24V

20024640

FIGURE 1. M-LVDS Receiver Input Thresholds
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Absolute Maximum Ratings (vote 1) Lea"(slerggﬁrzgf“L[esecondS) 260°C
If Military/Aerospace specified d_evices are required, . ESD Ratings:
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications. (HBM 1.5k2, 100pF) 28 kv
Supply Voltage, Vg 0.3V 10 44V (EIAJ 0Q, 200pF) 2250V
) (CDM 09, OpF) 21000 V
Control Input Voltages -0.3Vto (Vo +0.3V)
Driver Input Voltage -0.3Vto (Vg +0.3V) Recommended Operating
Driver Output Voltages -1.8V to +4.1V een
Receiver Input Voltages ~1.8V to +4.1V Conditions
Receiver Output Voltage -0.3Vto (Vg +0.3V) Min Typ Max Units
Maximum Package Power Dissipation at +25°C Supply Voltage, V¢ 30 33 36 Y
SOIC Package 833 mwW Voltage at Any Bus Terminal -1.4 +38 V
Derate SOIC Package 6.67 mW/°C above +25°C (Separate or Common-Mode)
Thermal Resistance (4-Layer, 2 0z. Cu, JEDEC) Differential Input Voltage V|, 24 V
CI 150°C/W LVTTL Input Voltage High V, 2.0 Vee \Y
8¢ 63°C/W LVTTL Input Voltage Low V, 0 08 V
Maximum Junction Temperature 150°C Operating Free Air
Storage Temperature Range —-65°C to +150°C Temperature T, -40 +25 +85 °C
Electrical Characteristics
Over recommended operating supply and temperature ranges unless otherwise specified. (Note 2, Note 3, Note 4, Note 8)
Symbol | Parameter Conditions | Min | Typ | Max | Units
M-LVDS Driver
Vgl Differential output voltage magnitude R, =50Q, C, = 5pF 480 650 mV
AV g Change in d?fferential output voltage magnitude Figure 2 and Figure 4 _50 0 +50 Y
between logic states
Vosss) Steady-state common-mode output voltage R, =50Q, C, = 5pF 0.3 1.8 21 \
|AV g ss)! Change in steady-state common-mode output Figure 2 and Figure 3 0 +50 mv
voltage between logic states
Vosep) Peak-to-peak common-mode output voltage (Vospp) @ 500KHz clock) 135 mV
Vaoc) Maximum steady-state open-circuit output voltage | Figure 5 0 2.4 \Y
V(oo Maximum steady-state open-circuit output voltage 0 24 \
VP(H) Voltage overshoot, low-to-high level output R, =509, C, =5pF, Cp =0.5pF 1.2Vgg \Y
VP(L) Voltage overshoot, high-to-low level output Figure 7 and Figure 8 (Note 9) -0.2Vg v
s
([ High-level input current (LVTTL inputs) Vip=2.0V -15 15 pA
I Low-level input current (LVTTL inputs) V. =08V -15 15 pA
VikL Input Clamp Voltage (LVTTL inputs) Iy =-18mA -1.5 \Y
los Differential short-circuit output current Figure 6 -43 43 mA
M-LVDS Receiver
Vir. Positive-going differential input voltage threshold [ See Function Tables Type 1 20 50 mV
Type 2 94 150 mV
o Negative-going differential input voltage threshold |See Function Tables Type 1| -50 20 mV
Type2| 50 94 mV
Von High-level output voltage (LVTTL output) loy =—-8mA 2.4 2.7 \Y
VoL Low-level output voltage (LVTTL output) loL =8mA 0.28 0.4 \Y
loz TRI-STATE output current Vo =0V or3.6V -10 10 pA
losr Short-circuit receiver output current (LVTTL output) |V, = 0V -48 -90 mA
M-LVDS Bus (Input and Output) Pins
Ia Transceiver input/output current V,=3.8V,Vg=1.2V 32 pA
Vo=0Vor24V,Vg=12V -20 +20 pA
Vp=-1.4V,Vg=12V -32 pA
3 www.national.com
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©
‘E Symbol Parameter Conditions Min Typ | Max | Units
b Iz Transceiver input/output current Vg =3.8V,V, =12V 32 pA
8 Vg =0V or24V,V, =1.2V -20 +20 | pA
E Vg=-1.4V,V, =12V -32 A
a Iag Transceiver input/output differential current (I, - Ig) [V, = Vg, 1.4V <V < 3.8V -4 +4 pA
& | laorm Transceiver input/output power-off current V,o=3.8V,Vg=1.2V,
8 DE = V¢ 32 pA
0V SV, <15V
V,=0Vor24V,Vg=12V,
DE =V¢¢ -20 +20 pA
0V S Vg 1.5V
Vo=-14V,Vg=12V,
DE =V 32 uA
0V SV, <15V
lsioFF) Transceiver input/output power-off current Vg =3.8V,V,=1.2V,
DE = V¢ 32 pA
0V S Vg 1.5V
Vg=0Vor24V,V,=12V,
DE =V¢ -20 +20 pA
0V SV 1.5V
Vg=-1.4V,V, =12V,
DE =V¢ -32 UA
0V SV <15V
IAB(OFF) Transceiver input/output power-off differential V,=Vg, -1.4V <V <38V,
current (Iaorr) — IaoFr) DE = V¢ -4 +4 pA
0V S Vg 1.5V
Ca Transceiver input/output capacitance Ve = OPEN pF
Cg Transceiver input/output capacitance pF
Cas Transceiver input/output differential capacitance 5.7 pF
Cuas Transceiver input/output capacitance balance
1.0
(CA/Cp)
SUPPLY CURRENT (V)
lecp Driver Supply Current R, =500, DE = V¢, RE = V¢ 20 29.5 | mA
lecz TRI-STATE Supply Current DE = GND, RE = V¢ 6 9.0 mA
lccr Receiver Supply Current DE = GND, RE = GND 14 185 | mA

www.national.com
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Switching Characteristics

Over recommended operating supply and temperature ranges unless otherwise specified. (Note 3, Note 8)

9.1016Sd/9.1aiesa

Symbol | Parameter Conditions | Min | Typ | Max | Units
DRIVER AC SPECIFICATION
toLn Differential Propagation Delay Low to High R, =50Q, C, =5 pF, 1.3 3.4 5.0 ns
tonL Differential Propagation Delay High to Low |Cp=0.5pF 1.3 3.1 5.0 ns
tskp1 (tskp)) Pulse Skew Itp 1 p — toppl (Note 5, Note 9) | Figure 7 and Figure 8 300 | 420 ps
tskos Part-to-Part Skew (Note 6, Note 9) 1.3 ns
try () Rise Time (Note 9) 1.0 1.8 3.0 ns
o (8) Fall Time (Note 9) 1.0 1.8 3.0 ns
tozn Enable Time (Z to Active High) R, =500, C, =5 pF, 8 ns
tpz Enable Time (Z to Active Low ) Cp=0.5pF 8 ns
tpLz Disable Time (Active Low to Z) Figure 9 and Figure 10 8 ns
topz Disable Time (Active High to Z) 8 ns
tyr Random Jitter, RJ (Note 9) 100 MHz Clock Pattern (Note 7) 2.5 5.5 | psrms
fvax Maximum Data Rate 200 Mbps
RECEIVER AC SPECIFICATION
toLn Propagation Delay Low to High C_=15pF 2.0 4.7 7.5 ns
touL Propagation Delay High to Low Figures 11, 12 and Figure 13 2.0 5.3 7.5 ns
tskpt (tsk(p) Pulse Skew Itp 1 p — tpypl (Note 5, Note 9) 0.6 1.7 ns
tskpa Part-to-Part Skew (Note 6, Note 9) 1.3 ns
try () Rise Time (Note 9) 0.5 1.2 25 ns
e (t) Fall Time (Note 9) 0.5 1.2 25 ns
tozn Enable Time (Z to Active High) R, =500Q, C, = 15 pF 10 ns
toz Enable Time (Z to Active Low) Figure 14 and Figure 15 10 ns
tpLz Disable Time (Active Low to Z) 10 ns
tpuz Disable Time (Active High to Z) 10 ns
fuax Maximum Data Rate 200 Mbps

Note 1: “Absolute Maximum Ratings” are those beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device should
be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to device ground unless otherwise
specified.

Note 3: All typicals are given for Vo = 3.3V and T, = 25°C.

Note 4: The algebraic convention, in which the least positive (most negative) limit is designated as minimum, is used in this datasheet.

Note 5: tgpy, Itp 1p — tryipls IS the magnitude difference in differential propagation delay time between the positive going edge and the negative going edge of
the same channel.

Note 6: tg, 3, Part-to-Part Skew, is defined as the difference between the minimum and maximum specified differential propagation delays. This specification
applies to devices at the same V¢ and within 5°C of each other within the operating temperature range.

Note 7: Stimulus and fixture Jitter has been subtracted.
Note 8: C, includes fixture capacitance and Cp includes probe capacitance.
Note 9: Not production tested. Guaranteed by a statistical analysis on a sample basis at the time of characterization.
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Test Circuits and Waveforms

DS91D176/DS91C176

Power Supply

Driver ENABLED
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FIGURE 2. Differential Driver Test Circuit
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FIGURE 3. Differential Driver Waveforms
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FIGURE 4. Differential Driver Full Load Test Circuit
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Power Supply
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FIGURE 5. Differential Driver DC Open Test Circuit

Power Supply

o)

Vary Vygs = 1.0V to 3.4V
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FIGURE 6. Differential Driver Short-Circuit Test Circuit
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Driver ENABLED | I
- O =
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FIGURE 7. Driver Propagation Delay and Transition Time Test Circuit
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DS91D176/DS91C176
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FIGURE 8. Driver Propagation Delays and Transition Time Waveforms
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FIGURE 9. Driver TRI-STATE Delay Test Circuit
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FIGURE 10. Driver TRI-STATE Delay Waveforms
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FIGURE 11. Receiver Propagation Delay and Transition Time Test Circuit

B +1.3V
XOV Differential Vip =200 mV XH.ZV
A +1.1V
+0.2V
ov
Vio -0.2v
> by [+ > by [
v
F90% 90% OH
; | Yee
2
10%
4>I VoL
bin =1

20024617

FIGURE 12. Type 1 Receiver Propagation Delay and Transition Time Waveforms
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FIGURE 13. Type 2 Receiver Propagation Delay and Transition Time Waveforms
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DS91D176/DS91C176
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FIGURE 14. Receiver TRI-STATE Delay Test Circuit
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FIGURE 15. Receiver TRI-STATE Delay Waveforms
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Function Tables

DS91D176/DS91C176 Transmitting

Inputs Outputs
RE DE D B A
X 2.0V 2.0V L H
X 2.0V 0.8V H L
X 0.8V X z VA
X — Don't care condition
Z — High impedance state
DS91D176 Receiving DS91C176 Receiving
Inputs Output Inputs Output
RE DE A-B R RE DE A-B R
0.8V | 0.8V | > +0.05V H 0.8V | 0.8V | >+0.15V H
0.8V 0.8V | £-0.05V L 0.8V 0.8V | <+0.05V L
0.8V 0.8V ov X 0.8V 0.8V ov L
2.0V 0.8V X z 2.0V 0.8V X z
X — Don't care condition X — Don't care condition
Z — High impedance state Z — High impedance state
DS91D176 Receiver Input Threshold Test Voltages
Applied Voltages Resulting Differential Input Resulting Common-Mode Receiver
Voltage Input Voltage Output
Via Vis Vio Vic R
2.400V 0.000V 2.400V 1.200V H
0.000V 2.400V —2.400V 1.200V L
3.800V 3.750V 0.050V 3.775V H
3.750V 3.800V —-0.050V 3.775V L
-1.400V -1.350V -0.050V -1.375V H
-1.350V -1.400V 0.050V -1.375V L
H — High Level
L — Low Level
Output state assumes that the receiver is enabled (RE = L)
DS91C176 Receiver Input Threshold Test Voltages
Applied Voltages Resulting Differential Input Resulting Common-Mode Receiver
Voltage Input Voltage Output
Via Vis Vio Vic R
2.400V 0.000V 2.400V 1.200V H
0.000V 2.400V -2.400V 1.200V L
3.800V 3.650V 0.150V 3.725V H
3.800V 3.750V 0.050V 3.775V L
-1.250V -1.400V 0.150V -1.325V H
-1.350V —-1.400V 0.050V -1.375V L
H — High Level

L — Low Level

Output state assumes that the receiver is enabled (RE = L)
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=
-
O | Pin Descriptions
§ Pin No. Name Description
o 1 R Receiver output pin
1': 2 RE Receiver enable pin: When REis high, the receiver is disabled. When
= RE is low or open, the receiver is enabled.
% 3 DE Driver enable pin: When DE is low, the driver is disabled. When DE
(] is high, the driver is enabled.
4 D Driver input pin
5 GND Ground pin
6 A Non-inverting driver output pin/Non-inverting receiver input pin
7 B Inverting driver output pin/Inverting receiver input pin
8 Vee Power supply pin, +3.3V + 0.3V

Supply Current vs. Frequency

Typical Performance Characteristics

Output VOD vs. Load Resistance

Vg = 8.3V, T, = +25°C.

25 1000
g 20 800
£ DRIVER —— s
E _,__——--——"—_/ é
U 15 — S 600
x |_—T" RECEIVER >
Eg --"'--—’ ﬂi
> 10 S 400
o od /
o ]
? /
N5 200
0 0
0 20 40 60 80 1C 0 20 40 60 80 100
FREQUENCY (MHz) OUTPUT LOAD (©)

20024662

Supply Current measured using a clock pattern with driver terminated to 50o0hms .V = 3.3V, T, = +25°C

FIGURE 16. DS91D176/DS91C176 Typical Performance Characteristics

120

20024663
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0.150—0.157

(3.810—3.988)

0.010-0.020 , 50—y
(0.254 —0.508)

Y, —— %

8° MAX TYP
ALL LEADS

.00 A

{0.102)

0.008-0.010 ALL LEAD TIPS

(0.203—0.254)
TYP ALL LEADS

f

0.016 —0.050

(0.406 —1.270)
TYP ALL LEADS

Physical Dimensions inches (millimeters) unless otherwise noted

_ 0.189-0.197 _

—

"~ (4.800—5.004)

A A

0.228 —0.244
{5.791—6.198)
0.010 pax
e— (0.254)
LEADNO. 17 1 a0
IDENT e
0.053 —0.069
(1.346—1.753)
0.004 —0.010
{0.102—0.254)
&i -! SEATING
PLANE

Pk
‘-—) 0.050
(1.270)
TYP

0.008 1yp

(0.203)

Order Number DS91D176TMA, DS91C176TMA
See NS package Number MOSA

0. 014 |« 00140020 1yp
10 356-0.508)

MOBA (REV H)
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Notes

For more National Semiconductor product information and proven design tools, visit the following Web sites at:

Products Design Support
Amplifiers www.national.com/amplifiers WEBENCH® Tools www.national.com/webench
Audio www.national.com/audio App Notes www.national.com/appnotes

Clock and Timing

www.national.com/timing

Reference Designs

www.national.com/refdesigns

Data Converters www.national.com/adc Samples www.national.com/samples
Interface www.national.com/interface Eval Boards www.national.com/evalboards
LVDS www.national.com/Ivds Packaging www.national.com/packaging

Power Management

www.national.com/power

Green Compliance

www.national.com/quality/green

Switching Regulators

www.national.com/switchers

Distributors

www.national.com/contacts

LDOs www.national.com/Ido Quality and Reliability www.national.com/quality
LED Lighting www.national.com/led Feedback/Support www.national.com/feedback
Voltage Reference www.national.com/vref Design Made Easy www.national.com/easy
PowerWise® Solutions www.national.com/powerwise | Solutions www.national.com/solutions
Serial Digital Interface (SDI) [ www.national.com/sdi Mil/Aero www.national.com/milaero
Temperature Sensors www.national.com/tempsensors | SolarMagic™ www.national.com/solarmagic
Wireless (PLL/VCO) www.national.com/wireless EowerWise@ Design www.national.com/training
niversity
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(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
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LIFE SUPPORT POLICY

COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:
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