&National Semiconductor

DS90C031

LVDS Quad CMOS Differential Line Driver

General Description

The DS90C031 is a quad CMOS differential line driver de-
signed for applications requiring ultra low power dissipation
and high data rates. The device is designed to support data
rates in excess of 155.5 Mbps (77.7 MHz) utilizing Low Volt-
age Differential Signaling (LVDS) technology.

The DS90C031 accepts TTL/CMOS input levels and trans-
lates them to low voltage (350 mV) differential output sig-
nals. In addition the driver supports a TRI-STATE® function
that may be used to disable the output stage, disabling the
load current, and thus dropping the device to an ultra low
idle power state of 11 mW typical.

The DS90C031 and companion line receiver (DS90C032)
provide a new alternative to high power psuedo-ECL devic-
es for high speed point-to-point interface applications.
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Features

B >155.5 Mbps (77.7 MHz) switching rates

m *+350 mV differential signaling

m Ultra low power dissipation

W 400 ps maximum differential skew (5V, 25°C)

m 3.5 ns maximum propagation delay

B Industrial operating temperature range

B Available in surface mount packaging (SOIC)

m Pin compatible with DS26C31, MB571 (PECL) and
41LG (PECL)

m Compatible with IEEE 1596.3 SCI LVDS standard

m Compatible with proposed TIA LVDS standard
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Functional Diagram and Truth Tables
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Semiconductor Sales

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National
Office/Distributors for availability and specifications.

Supply Voltage (Vo)
Input Voltage (D|n)
Enable Input Voltage (EN, EN*)

Storage Temperature Range

Maximum Junction Temperature
—0.3Vto +6V

—0.3V to (Vog + 0.3V)
—0.3V to (Vog + 0.3V)

ESD Rating (HBM, 1.5 k2, 100 pF)

Lead Temperature Range Soldering (4 sec.)

Recommended Operating

—65°C to +150°C
+260°C
+150°C
>3,500V (Note 7)

Drivers Disabled

EN = GND, EN* = Vg

Output Voltage (Dout+, Dout-) —0.3Vto (Ve + 0.3V) Conditions
Short Circuit Duration (DoyT +, DouT-) Continuous Min Typ Max Units
Maximum Package Power Dissipation @ +25°C Supbly Volt v +45 +5.0 +55 v
M Package 1068 mW o”pp ’; ° Fage i\_ co) : : :
rating Fr ir
Derate M Package 8.5 mW/°C above +25°C perating Free
Temperature (Tp) —40 +25 +85 °C
Electrical Characteristics
Over supply voltage and operating temperature ranges, unless otherwise specified (Notes 2 and 3).
Symbol Parameter Conditions Pin Min Typ Max Units
Vob1 Differential Output Voltage R|_. = 100Q 250 345 450 mv
(Figure 1)
AVop1q Change in Magnitude of
Vop1 for Complementary 4 35 [mV|
Output States Dout-»
D
Vos Offset Voltage OUT+ | 4125 | 125 | 1.375 v
AVos Change in Magnitude of
Vos for Complementary 5 25 [mv|
Output States
VoH Output Voltage High R = 100Q 1.41 1.60 Vv
VoL Output Voltage Low 0.90 1.07 \"
ViH Input Voltage High 2.0 Vee \
Vi Input Voltage Low ':E"Q‘ GND 0.8 v
I Input Current ViN = Vce, GND, 2.5V, or 0.4V EN;‘ —10 +1 +10 RA
VoL Input Clamp Voltage loL = —18 mA —-1.5 -0.8 Vv
los Output Short Circuit Current VouTt = 0V (Note 8) b —-35 —5.0 mA
ouT—»
- = L —
loz Output TRI-STATE Current EN = 0.8V and EN 2.0V, DouT+ —10 +1 +10 LA
Vout = OVor Vgc
lcc No Load Supply Current DN = Vgg or GND 1.7 3.0 mA
Drivers Enabled Dy = 2.5V or 0.4V 4.0 6.5 mA
lccL Loaded Supply Current R = 100Q All Channels V,
; cc . .
Drivers Enabled ViN = Vce or GND (all inputs) 154 | 210 mA
lccz No Load Supply Current DN = Vgg or GND 25 40 mA
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Switching Characteristics
Voc = +5.0V, Ta = +25°C (Notes 3, 4, 6, 9)

Symbol Parameter Conditions Min Typ Max Units
tPHLD Differential Propagation R_ = 100Q,C = 5pF 1.0 20 3.0 ns
Delay High to Low (Figures 2 and 3)
tPLHD Differential Propagation 1.0 21 3.0 ns
Delay Low to High
;tsplf_ﬁ_D_tPLHD‘ Differential Skew 0 80 400 ps
tsk1 Channel to Channel Skew Note 4 0 300 600 ps
tTLH Rise Time RL = 100Q,C_ = 5pF 0.35 1.5 ns
tTHL Fall Time (Figures 2 and 3) 0.35 15 ns
tpHZ Disable Time High to Z (Figures 4 and 5) 2.5 10 ns
tpLz Disable Time Low to Z 25 10 ns
tpzH Enable Time Z to High 25 10 ns
tpzL Enable Time Z to Low 25 10 ns
Switching Characteristics
Voo = +5.0V £10%, Tp = —40°C to +85°C (Notes 3-6, 9)
Symbol Parameter Conditions Min Typ Max Units
tPHLD Differential Propagation RL = 100Q,C_ = 5pF 05 20 35 ns
Delay High to Low (Figures 2 and 3)
0s | 21 | o5 | m
ItSPiDL . Differential Skew 0 80 900 ps
tsk1 Channel to Channel Skew Note 4 0 0.3 1.0 ns
tsko Chip to Chip Skew Note 5 3.0 ns
trLH Rise Time RL = 1009, G| = 5pF 0.35 2.0 ns
truL Fall Time (Figures 2 and 3) 0.35 20 ns
tpHZ Disable Time High to Z (Figures 4 and 5) 25 15 ns
tpLz Disable Time Low to Z 2.5 15 ns
tpzH Enable Time Z to High 25 15 ns
tpzL Enable Time Z to Low 2.5 15 ns
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Parameter Measurement Information

Vee —20, Din

GND —O s1

Driver ENABLED

TL/F/11946-3
FIGURE 1. Driver Vgp and Vg Test Circuit

O Doyrs
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—0 Dyyr-

Driver ENABLED

TL/F/11946-4
FIGURE 2. Driver Propagation Delay and Transition Time Test Circuit

3y
Dy 1.5V 1.5y
ov
toLup [ tenin [

Dout- Vo

X)v (Differential) X)v
Dout+ VoL

80% 80%
Voir ov ov
Voirr = Dout+ = Dour-
20% 20%
trin true

TL/F/11946-5
FIGURE 3. Driver Propagation Delay and Transition Time Waveforms
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TL/F/11946-6
FIGURE 4. Driver TRI-STATE Delay Test Circuit
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Parameter Measurement Information (continued)
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FIGURE 5. Driver TRI-STATE Delay Waveform

Typical Application

Balanced System
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FIGURE 6. Point-to-Point Application
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Applications Information

LVDS drivers and receivers are intended to be primarily
used in an uncomplicated point-to-point configuration as is
shown in Figure 6. This configuration provides a clean sig-
naling environment for the quick edge rates of the drivers.
The receiver is connected to the driver through a balanced
media which may be a standard twisted pair cable, a parallel
pair cable, or simply PCB traces. Typically, the characteristic
impedance of the media is in the range of 100€2. A termina-
tion resistor of 1002 should be selected to match the me-
dia, and is located as close to the receiver input pins as
possible. The termination resistor converts the current
sourced by the driver into a voltage that is detected by the
receiver. Other configurations are possible such as a multi-
receiver configuration, but the effects of a mid-stream con-
nector(s), cable stub(s), and other impedance discontinui-
ties as well as ground shifting, noise margin limits, and total
termination loading must be taken into account.

The DS90C031 differential line driver is a balanced current
source design. A current mode driver, generally speaking
has a high output impedance and supplies a constant cur-
rent for a range of loads (a voltage mode driver on the other
hand supplies a constant voltage for a range of loads). Cur-
rent is switched through the load in one direction to produce
a logic state and in the other direction to produce the other
logic state. The typical output current is mere 3.4 mA, a
minimum of 2.5 mA, and a maximum of 4.5 mA. The current
mode requires (as discussed above) that a resistive termi-
nation be employed to terminate the signal and to complete
the loop as shown in Figure 6. AC or unterminated configu-
rations are not allowed. The 3.4 mA loop current will de-

velop a differential voltage of 340 mV across the 100Q ter-
mination resistor which the receiver detects with a 240 mV
minimum differential noise margin neglecting resistive line
losses (driven signal minus receiver threshold (340 mV-
100 mV = 240 mV)). The signal is centered around + 1.2V
(Driver Offset, Vog) with respect to ground as shown in Fig-
ure 7. Note that the steady-state voltage (Vsg) peak-to-peak
swing is twice the differential voltage (Vop) and is typically
680 mV.

The current mode driver provides substantial benefits over
voltage mode drivers, such as an RS-422 driver. Its quies-
cent current remains relatively flat versus switching frequen-
cy. Whereas the RS-422 voltage mode driver increases ex-
ponentially in most case between 20 MHz-50 MHz. This is
due to the overlap current that flows between the rails of the
device when the internal gates switch. Whereas the current
mode driver switches a fixed current between its output
without any substantial overlap current. This is similar to
some ECL and PECL devices, but without the heavy static
Icc requirements of the ECL/PECL designs. LVDS requires
>80% less current than similar PECL devices. AC specifi-
cations for the driver are a tenfold improvement over other
existing RS-422 drivers.

The TRI-STATE function allows the driver outputs to be dis-
abled, thus obtaining an even lower power state when the
transmission of data is not required.

The footprint of the DS90C031 is the same as the industry
standard 26LS31 Quad Differential (RS-422) Driver.
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Di / \\
ov
Dout- Vor
SINGLE-ENDED [Vpp! o Vos
Dout+ I VoL
Dout+ = Dout-

DIFFERENTIAL OUTPUT

oV (DIFF.)

TL/F/11946-9

FIGURE 7. Driver Output Levels
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Pin Descriptions Ordering Information

Pin No. | Name Description i
P Operating Package Type/ Order Number

1,7, DN Driver input pin, TTL/CMOS Temperature Number
915 compatible —40°Cto +85°C | SOP/M16A DS90C031TM
2,6, Dout+ | Non-inverting driver output pin,
10, 14 LVDS levels
3,5, Dout— | Inverting driver output pin, LVDS
11,13 levels
4 EN Active high enable pin, OR-ed with

EN*
12 EN* Active low enable pin, OR-ed with

EN
16 Vece Power supply pin, +5V £10%
8 GND Ground pin

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

Note 2: Current into device pins is defined as positive. Current out of device pins is defined as negative. All voltages are referenced to ground except: Vop¢ and
AVop1.

Note 3: All typicals are given for: Vo = +5.0V, Tp = +25°C.

Note 4: Channel to Channel Skew is defined as the difference between the propagation delay of the channel and the other channels in the same chip with an event
on the inputs.

Note 5: Chip to Chip Skew is defined as the difference between the minimum and maximum specified differential propagation delays.
Note 6: Generator waveform for all tests unless otherwise specified: f = 1 MHz, Zg = 500, t, < 6 ns, and t; < 6 ns.
Note 7: ESD Ratings: HBM (1.5 kQ2, 100 pF) > 3,500V
EIAJ (092, 200 pF) > 250V
Note 8: Output short circuit current (Ips) is specified as magnitude only, minus sign indicates direction only.
Note 9: C| includes probe and jig capacitance.
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Typical Performance Characteristics

Power Supply Current
vs Power Supply Voltage

Ty = 25°C
ViN = Vee or GND

No external load -
//
l/

lcc = Power Supply Current (mA)
>

4.5 4.75 5 5.25 5.5

Ve - Power Supply Voltage (V)
TL/F/11946-10

Power Supply Current
vs Power Supply Voltage

T, = 25°C
Vin = Vee or GND

15.6

Ext. load = 1000 /dr.

15.4

//

lcc = Power Supply Current (mA)

15

15.2
/

0.1

4.5

4.75 5 5.25 5.5
Vee - Power Supply Voltage (V)
TL/F/11946-12

Output TRI-STATE Current
vs Power Supply Voltage

0.08

Ty = 25°C
ViN = Veg or GND

0.06

0.04

loz = Output TRI-STATE Current (pA)

4.5

4.75 5 5.25 5.5
Voe = Power Supply Voltage (V)
TL/F/11946-14

- Power Supply Current (mA)

I

s — Output Short Circuit Current (mA)

¢ — Power Supply Current (mA)

Power Supply Current

vs Temperature

Vee = 5.0V
Vin = Vgg or GND
No external load

-40 -15 10

35

60 85

T, = Ambient Temperature (°C)

TL/F/11946-11

Power Supply Current

vs Temperature

15.6

Vee = 5.0V
ViN = Vgc or GND
Ext. load = 1000./dr.

15.4 P~

15.2

15

-40 -15 10

35

60 85

T, = Ambient Temperature (°C)

TL/F/11946-13

Output Short Circuit Current
vs Power Supply Voltage

-3.2

-3.4

T, = 25°¢C
Vi = OV or 5V
Vour = OV

4.5 4.75 5

5.25 5.5

Voo - Power Supply Voltage (V)

TL/F/11946-15
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Typical Performance Characteristics (continueq)

Differential Output Voltage
vs Power Supply Voltage

< 400
E T, = 25°C
° Load = 1000
3 380
5
>
3 360
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(=
»j_ij 340 ="
c
fd
2
Z 320
1
(=1
= 300
4.5 4.75 5 5.25 5.5
Voo = Power Supply Voltage (V)
TL/F/11946-16
Output Voltage High vs
Power Supply Voltage

1.6 . .
— Ty = 25°C
>
~ Load = 100Q
<
2 15
==
@
j=2
k]
S 14
=]
o
3
, 1.3
x
=]
>

1.2

4.5 4.75 5 5.25 5.5

Voo = Power Supply Voltage (V)

TL/F/11946-18

Output Voltage Low vs

Power Supply Voltage

1.2
R Ty = 25°C
= Load = 1000
=
5
©
g
COEN
s
o
s
o
1
3
>

1.0

4.5 4.75 5 5.25 5.5

Voo = Power Supply Voltage (V)

TL/F/11946-20

- Differential Output Voltage (mV)

Vop

Von — Output Voltage High w)

VoL - Output Voltage Low (V)

Differential Output Voltage
vs Ambient Temperature

400
Voo = 5V
Load = 1000
380
360
340
320
300
-40 -15 10 35 60 85
T, = Ambient Temperature (°C)
TL/F/11946-17
Output Voltage High vs
Ambient Temperature
1.6
Voo = 5V
Load = 1000
1.5
—
P~—
1.4
1.3
1.2

-40 -15 10 35 60 85
T, = Ambient Temperature (°C)

TL/F/11946-19

Output Voltage Low vs
Ambient Temperature

12
Voo = 5V
Load = 1000
1.1 \‘\
1.0

-40 -15 10 35 60 85
T4 - Ambient Temperature (°C)

TL/F/11946-21
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Typical Performance Characteristics (continueq)
Offset Voltage vs Offset Voltage vs
Power Supply Voltage Ambient Temperature
1.4 1.4
Ty = 25°C Voo = 5V
Load = 1008 Load = 1000
z z
S 13 S 13
« . o >
= = \
3 3
° 12 ° 12
v %]
=]
>
1.1 1.1
45 475 5 5.25 5.5 -40 -15 10 35 60 85
Vee - Power Supply Voltage (V) T, = Ambient Temperature (°C)
TL/F/11946-22 TL/F/11946-23
Power Supply Current Power Supply Current
vs Frequency vs Frequency
10 21
T g Ta=25% | . = Ty = 25°€C /
£ 4| Voo = 5V | / E 20f v =5V
z All Drivers Switching I z Load = 1000./dr I
2 71 Load = 1000 / S
5 5
> | / >
3 5 S 18
Ug; 4 1 dr load “/'I' 5,-’- /
5 d g 7 /
& 9 No loads - r & /
! =t==" ' 16 — 4 drivers v
8 1 8 _'___.-/
0 15
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
Fq - Frequency (MHz) Fq - Frequency (MHz)
TL/F/11946-24 TL/F/11946-25
Differential Output Voltage
vs Load Resistor
< 550
E T, = 25°C
® Vee = 5V
% soof ce /1
5 v
>
3 450
s
o
S 400 /|
5 /
3 /|
= 350
) /
(=]
= 300
90 100 110 120 130 140 150
R - Load Resistor ()
TL/F/11946-26
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Typical Performance Characteristics (continueq)

Differential Propagation Delay

£ vs Power Supply Voltage
>
© 4
2 T, = 25°C
S Freq = 635 MHz
3 3 Load = 1000
j=2
o
Q
2 touLp
T
CR Y e~ L L T
B YLD
3
5
!
a
S
T
0
e 4.5 4.75 5 5.25 5.5
-+ Voo - Power Supply Voltage (V)
TL/F/11946-27
Differential Skew vs
Power Supply Voltage
0.4
N T, = 25°C
2 Freq = 65MHz
> 03 Load = 1000
2
v
K]
T 02
@
3
?D:
oot
o
x
_‘_‘LI)
0
4.5 4.75 5 5.25 5.5

Ve = Power Supply Voltage (V)
TL/F/11946-29

Differential Transition Time

> vs Power Supply Voltage

2
~ 05 —

2 T, = 25°C

= Freq = 65 MHz

5 04—ty T Load = 1000 _—3
= |

2 Pt

S 03 h==="""

oo

S5 true

g 02

e

E

0.1

=

x

=

T 0

= 4.5 475 5 5.25 5.5

Vee - Power Supply Voltage (V)

TL/F/11946-31

tpLHp» tpHLp — Differential Propagation Delay (ns)

tgkp -~ Differential Skew (ns)

try» tryy - Differential Transition Time (ns)

Differential Propagation Delay
vs Ambient Temperature

4
Vee = 5V
Freq = 65 MHz
Load = 1000
3
tLHD [y M Y.
2 b ===
frmmm—
tuLD
1
0

-40 -15 10 35 80 85
T, = Ambient Temperature (°C)

TL/F/11946-28

Differential Skew vs
Ambient Temperature

0.4
Voo = 5V
Freq = 65 MHz
0.3 Load = 1000
0.2
0.1
0

-40 -15 10 35 60 85
T, = Ambient Temperature (°C)

TL/F/11946-30

Differential Transition Time
vs Ambient Temperature

0.5
Voo = 5V
Freq = 65MHz
04 Load = 1000
L o=
0.3 -"‘t
TLH
0.2
0.1
0

-40 -15 10 35 60 85
T4 = Ambient Temperature (°C)

TL/F/11946-32
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DS90C031 LVDS Quad CMOS Differential Line Driver

Physical Dimensions inches (millimeters)

0.386—0.394

« (9.804—10.00)

»|

0.228-0.244 a0
{5.791-6.198) o e
LEAD NO.1 J1 2 % 45 6 71 8 )
IDENT 0.010 MAX
0.259)
0.150 —0.157
{3.810—3.988)
000-0on 0.053-0.069
0zea—a508 <P | [ {1.346—1.753) 0.004—0.018
8° MAX TYP (0.102-0.254)
ALL LEADS
! ! b =)
y _ mf — e RS RS RS N N SEATING
T T A ? PLANE
|
0.008-0.010 L0014 0.050 0.014-0.020
0T - L216-0080, OF i I =
TYP ALL LEADS (0.406-1.270) v ’ ’
_0.004 TYP ALL LEADS 0.008 L
02) 0.203) VoA Rev Hy

(0.102
ALL LEAD TIPS

16-Lead (0.150” Wide) Molded Small Outline Package, JEDEC
Order Number DS90C031TM
NS Package Number M16A

LIFE SUPPORT POLICY
NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR

USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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