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Symbol | Parameter Conditions I Pin/Freq. l Min ITyp I Max I Units

LVCMOS/LVTTL DC SPECIFICATIONS

Vi High Level Voltage Tx: DIN[23:0], TCLK, 20 [ 15 Voo | V

A Low Level Input Voltage TPWDNB, DEN, TRFB, [gND| 15 | 08 | V

Voo Input Clamp Voltage Il =-18 mA ngg: DCBOFF,

(Note 8) Rx: RPWDNB, RRFB, -08| -1.5 |V
REN

In Input Current Vv =0V or3.6V Tx: DIN[23:0], TCLK,

e 0o | oy | o |
VODSEL
g)é:NRPWDNB, RRFB, | o0 | o5 | 420 | ua

Vou High Level Output Voltage  |lgy = -4 mA Rx: ROUT[23:0], RCLK, | 2.3 | 3.0 | Vpp \Y

VoL Low Level Output Voltage [l = +4 mA LOCK GND|033| 05 | Vv

los Output Short Circuit Current |V, = 0V 40 | =70 | —110 | ma

(Note 8)
- ® = : : K
loz TRI-STATE® Output Current C:L\glzr\é% OF:EZI.\I‘W oV SSCRKOUT[% 0LRCLK, | ool 0al 430 | ua
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Symbol I Parameter Conditions Pin/Freq. | Min I Typ l Max TUnits
LVDS DC SPECIFICATIONS
Viy Differential Threshold High |V =+1.2V Rx: Rjn,, Rin-
Voltage +80 mv
Vi Differential Threshold Low 50 mv
Voltage
In Input Current VN =+2.4V,
Vg = 3.6V 300 | pA
Vin =0V, Vpp =3.6V +300 | pA
R Dlﬁergntlgl Intem'al 90 | 100 | 130 o
Termination Resistance
\ Output Differential Voltage = - i Tx: D , D,
oD p g R, = 100Q, w/o .Pre emphasis X: Doytss Dout- 250 | 200 | 600 mv
(Doyts)—(Dour-) VODSEL = L (Figure 10)
R, = 100Q, w/o Pre-emphasis
450 | 750 | 1200 | mV
VODSEL = H (Figure 10)
AVgp Output Differential Voltage  [R, = 100Q, w/o Pre-emphasis 4 50 Iy
Unbalance .
Vos Offset Voltage R, = 100Q, w/o Pre-emphasis 1.00|1.25| 1.50 v
AV Offset Voltage Unbalance R, = 100Q, w/o Pre-emphasis 1 50 mV
los Output Short Circuit Current | DOUT =0V, DIN = H,
TPWDNB, DEN =2.4V, -2 | -5 -8 mA
VODSEL =L
DOUT =0V, DIN=H,
TPWDNB, DEN = 2.4V, -7 | -10| -13 mA
VODSEL =H
loz TRI-STATE Output Current | TPWDNB, DEN =0V,
DOUT = 0V or 2.4V R
SER/DES SUPPLY CURRENT (DVDD*, PVDD* and AVDD* pins) *Digital, PLL, and Analog VDDs
IooT Serializer (Tx) R, =100Q f =40 MHz
Total Supply Current Pre-emphasis = OFF
(includes load current) VODSEL =L 40 80 mA
Checker-board pattern (Figure 1)
R, =100Q f =40 MHz
Repg = 6 kQ 45 | 85 | mA
VODSEL =L
Checker-board pattern (Figure 1)
Serializer (Tx) R, = 100Q f =40 MHz
Total Supply Current Pre-emphasis = OFF
(includes load current) VODSEL = H 40 85 mA
Checker-board pattern (Figure 1)
R, =100Q f =40 MHz
Rere = 6 kQ 45 | 90 | ma
VODSEL = H
Checker-board pattern (Figure 1)
loorz  |Serializer (Tx) TPWDNB = 0V ‘ 1a | 250 A
Supply Current Power-down | (All other LVCMOS Inputs = 0V) H
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Symbol Parameter Conditions Pin/Freq. Min | Typ | Max | Units
Ioor Deserializer (Rx) C_ =8 pF LVCMOS Output f =40 MHz
Total Supply Current Checker-board pattern 95 mA
(includes load current) (Figure 2)
Deserializer (Rx) C_ = 8 pF LVCMOS Output f =40 MHz
Total Supply Current Random pattern 90 mA
(includes load current)
looRz Deserializer (Rx) RPWDNB = 0V
Supply Current Power-down | (All other LVCMOS Inputs = 0V, 1 50 A
Riny/ Rin. = 0V)
OO000DO00 TCLKOODODOOODooo o
goooooooooooodoOobooOopooOoooooUooOoo
Symbol Parameter Conditions Min | Typ | Max | Units
trep Transmit Clock Period (Figure 5) 25 T |33 ]| ns
trom Transmit Clock High Time 0.4T | 0.5T [0.6T | ns
tron Transmit Clock Low Time 0.4T | 0.5T | 0.6T | ns
toukT TCLK Input Transition Time (Figure 4) 3 6 ns
tyr TCLK Input Jitter (Note 9) 33 ps
(RMS)
dooooooooooodoad
goooooooooooodoOobooOopooOoooooUooOoo
Symbol Parameter Conditions Min Typ Max Units
tHT LVDS Low-to-High Transition Time R, = 100Q, (Figure 3) 0.6 ns
(e LVDS High-to-Low Transition Time C_=10pF to GND 06 ns
VODSEL =L ’
tois DIN (23:0) Setup to TCLK R_=100Q, 5 ns
ton DIN (23:0) Hold from TCLK C_=10pF to GND
5 ns
(Note 8)
tuzo DOUT = HIGH to TRI-STATE Delay R, = 100Q, 15 ns
t 2o DOUT + LOW to TRI-STATE Delay C_ =10 pF to GND 15 ns
tho DOUT + TRI-STATE to HIGH Delay (Figure 6) (Note 5) 200 ns
tap DOUT + TRI-STATE to LOW Delay 200 ns
telp Serializer PLL Lock Time R, = 100Q, (Figure 7) 10 ms
t Serializer Dela = 7
SD ializer y R, = 100Q, (Figure 8) 35T +2.85 3.5T ns
VODSEL =L, TRFB=H +10
R, = 100Q, (Figure 8) 35T + 285 3.5T ns
VODSEL =L, TRFB=L +10
TxOUT_E_O TxOUT_Eye_Opening 3-40 MHz 0.68 ul
(respect to ideal) (Figure 9) (Notes 9, 13) ' (Note 10)
gogooboboooouooo b
oboboobbbobooooooooboboooboooooDo
Symbol Parameter Conditions Pin/Freq. Min Typ Max Units
trcp Receiver out Clock Period trep = trep RCLK o5 T 333 ns
(Note 8)
troc RCLK Duty Cycle RCLK 45 50 55 %
toLn LVCMOS Low-to-High C_=8pF ROUT [283:0], o5 35 ns
' Transition Time (lumped load) LOCK, RCLK ' '
tonL LVCMOS High-to-Low (Figure 11) 25 35 ns
Transition Time

www.national.com/j
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Symbol Parameter Conditions Pin/Freq. Min Typ Max Units
tros ROUT (7:0) Setup Data to (Figure 15) ROUT [7:0] (0.40)* .

RCLK (Group 1) thce (29/56)tace ns
tron ROUT (7:0) Hold Data to (0.40)* .

RCLK (Group 1) trep (27/56) thce ns
tros ROUT (15:8) Setup Data to (Figure 15) ROUT [15:8], (0.40)* 051 n

RCLK (Group 2) LOCK tap | - RCP S
tron ROUT (15:8) Hold Data to (0.40)* 0.5 ns

RCLK (Group 2) trcp - RCP

T (28:1 D ] : 40)*
tros ROUT (23:16) Setup Data to (Figure 15) ROUT [23:16] (0.40) (27/56) tecp ns

RCLK (Group 3) trep
tron ROUT (23:16) Hold Data to (0.40)* .

RCLK (Group 3) N ns
tyzm HIGH to TRI-STATE Delay (Figure 13) ROUT [23:0], 3 10 ns
tzm LOW to TRI-STATE Delay RCLK, LOCK 3 10 ns
tour TRI-STATE to HIGH Delay 3 10 ns
tar TRI-STATE to LOW Delay 3 10 ns
too Deserializer Delay (Figure 12) RCLK [4+(3/56)]T | [4+(3/56)]T| ns

+5.9 +18.5
toroL Deserializer PLL Lock Time (Figure 14) 3 MHz 5 50 ms
from Powerdown (Notes 7, 8) 40 MHz 5 50 ms
RxIN_TOL_L [Receiver INput TOLerance (Figure 16) 3 MHz-40 MHz 0.25 Ul

Left (Notes 6, 8, 10) '
RxIN_TOL_R [Receiver INput TOLerance (Figure 16) 3 MHz—-40 MHz 0.25 Ul

Right (Notes 6, 8, 10) ’

Note1: OOOCOOOOICOOOO0O0O0OOOOCOOO0DODOODOCOOOOOOOO0DOOOOOOOOO0DOO0000000000000O0

Note 2:

Note 3:

Note 4:

Note 5:
Note 6:

Note 7:
Note 8:
Note 9:

Note 10:
Note 11:
Note 12:

Note 13:

ooooooooooooooO0oooooooooOooOoooooOooOooObobooOoObOOOOObOOOOOOO0OODEOOObOOOO
goooooooOooooooooOoobOOoOOO0OOOOO0OOOOOoOOOOoOoOoOoOOOOOOObOOO0OObocObbOOOObOOOObOOO

00000000000000000000000000000000000000000000000000O0O0000DOO000000O0D0O00
000000000000000000000000000000000000000000000

00000vVDDO 33VOTaOO 2500000000000000000000000000000D000D0DOO0OOD000O0000O00O00O0
ooooooooooooo

goOooooooooooooOoobooOooooboooobooooboboooooOo0o0ooooooobbboOobOoobobobOoboOob0O0n voboavobo
VTHO VILOOOO0000000000000000

0000000000 TRI-STATEOD OO O0OO00000000 PLLOOOOOOOOCOOOO0OCOOOO0O0COOOOOOCOOOO0O0

RxIN_TOLOOOOO0OO0O0000O0O000000000C000O00ODOOO0bO0000000000O00O00O0O0bO (OoO)H)ooooooooooo
gooooOoOoOobOoOoOoOoOOOOOOO0ObO00b0O0000OO00o0o0o00oo oo o0000000000000 AN-121700 00000000

00000000 PLLOOOO O (thrp) 000 0000000000000000000000000000000000000
0000000000000000000000000000000000000000

tyr (@BER O 10¢-9)0 TCLK 00 000000000 00000 tyyp0 TxOUT_E_0 0000000000000 0
Ul—D00M00000000000000000000000000000 10000000000 UI00000000000000
Figure 102080120 1400000000 00000000000000000000 (TCLK IN/RCLK OUT)O

Figure 50150000 00000000000000000000 (TCLK IN/RCLK OUT)O

TxOUT_E o000000000000000O0000O

5 www.national.com/jpn/
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Device Pin Name Signal Pattern
TCLK _ B
ODD DIN B
EVEN DIN ]

FIGURE 1. Serializer Input Checker-board Pattern

Device Pin Name Signal Pattern
RCLK ] B
ODD ROUT B
EVEN ROUT N

FIGURE 2. Deserializer Output Checker-board Pattern

DOUT+ 10 pF %

Differential
1002 Signal .. L T7TTTTTTTTTTTTTIONY onas
DOUT-
10 pF ! t
@ Vdiff = (DOUT+) - (DOUT-) LLHT LHLT

FIGURE 3. Serializer LVDS Output Load and Transition Times

TCLK

terkr terk

FIGURE 4. Serializer Input Clock Transition Times
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ACODOO0ODODODODOOOOO (noo)

tois toiH

DIN [0:23] Vpp/2 Setup Hold Vpp/2

ov

FIGURE 5. Serializer Setup/Hold Times

Parasitic package and

/ Trace capcitance

DOUT+
1000

DOUT-

DEN o

—> |t 2p[E—

DEN vccrz=— } vee2
(single-ended)
ov

ov

DOUT+

(differential)

T—

DEN vccrz— } vee2
(single-ended)
ov

ov

(differential)

CLKO

FIGURE 6. Serializer TRI-STATE Test Circuit and Delay
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ACODOO0ODODODODOOOOO (noo)

PWDWN 2.0v 7‘ 0.8V
t, or
< HzZD
tLZD
o NS\ ST\
toip —> [ tzp O
¢ tZLD
DOUT I TRI-STATE Output TRI-STATE |
Active

FIGURE 7. Serializer PLL Lock Time, and TPWDNB TRI-STATE Delays

DIN SYMBIOL N

)
X SYMBOL N+1 X SYMBOL N+2 X SYMBOL N+3 X(

w TV T\ T\ T

STOP | START

STOP | START

STOP | START

SYMBOLN-4 BIT|BIT SYMBOLN-3 BIT[BIT SymBOLN-2 BIT|BIT symMBOL N-1

DOUTO0-23
DCA, DCB

FIGURE 8. Serializer Delay

Ideal Data Bit
Beginning

Uttt N

1' \\

(€—— TxOUT_E_O —>,>
N
A} 4

L 7/

<+— tg|T(1/2Ul) —»

teIT

A

Ideal Center Position (tg|T/2)

(1U1)

+— tgT(1/2Ul) —»

STOP | START
BIT|BIT SymMBOLN BIT

\

STOP

MO0E08./

Ideal Data Bit
End

FIGURE 9. Transmitter Output Eye Opening (TxOUT_E_O)
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ACODOO0ODODODODOOOOO (noo)

-

<

i
DOUT+

24 3
DIN — 5 %RL

Y
§' DOUT-

<

o

TCLK P>

VOD = (Doyrn )~ Dourn )
0000000000000000000000000 Doyry)- Dourn)0000000

FIGURE 10. Serializer VOD Diagram

Single-ended 80% 80%

Deserializer Signal
I 8 pF 20%

$ lumped
teLn tenL

FIGURE 11. Deserializer LVCMOS/LVTTL Output Load and Transition Times

START STOP | START STOP | START STOP | START SToP
RINO-23 BIT  SYMBOLN BIT|BIT SYMBOLN+1 BIT|BIT SYMBOLN+2 BIT(BIT SymMBOLN+3 BIT

DCA, DCB

< tDD >
RCLK ’ \ ’ \ ’ \ ’ .. ’

ROUTO0-23 X SYMBOL N-3 X SYMBOL N-2 X SYMBOL N-1 X

FIGURE 12. Deserializer Delay

SYMBOL N X
f
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LOCK TRI-STATE /( TRI-STATE
—> tzr O fLzR
ROUT [0:23] TRI-STATE ) TRI-STATE

RCLK TRI-STATE )

ACODOO0ODODODODOOOOO (noo)

VREF = Vpp/2 for tz| R or t| 7R,
VREF = QV for tzH4R or tHzr

DD/2 Vpp/2
VOL -------- N\ /|

tLzrR tzZLr

< » < >

A7 VOL +05V 5< VOL + 0.5V
ROUT [23:0] | tHZR | ZHR

VOH ec— — g
N VOH-05V 7

/ VOH + 0.5V

Note: C, 0000000 ROUT[23:010 6emO0000OO0O0O0OO0OOOOOO

FIGURE 13. Deserializer TRI-STATE Test Circuit and Timing

— 2.0V A~ x
PWDN 7 0.8V

tbroL

w X X )C:X X X= X

TRI-STATE

REN

FIGURE 14. Deserializer PLL Lock Times and RPWDNB TRI-STATE Delay

www.national.com/jpn/

10




ACODOO0ODODODODOOOOO (noo)

Yow YigH
RCLK Vpp/2 Vpp/2
| tros fRoH |
(group 1) (group 1) "l
. Data Valid Data Valid
ROUT[7:0] VDD/2 | Before RCLK After RCLK i VDD/2
1/2U1 [— [e—1/2 Ul
tros tRoH
(group 2) (group 2)
. Data Valid Data Valid
ROUT [15:8], LOCK VDD/2 Before RCLK After RCLK VDD/2
1/2 Ul —p| 1/2 U1
(group 3) (group 3)
. Data Valid Data Valid
ROUT [23:16] Vpp/2 Before RCLK After RCLK Vpp/2

FIGURE 15. Deserializer Setup and Hold Times

Ideal Data Bit
Beginning

Sampling
Window

Ideal Data Bit
End

RxIN_TOL -L

RxIN_TOL -R

Ideal Sampling Position
( tBlT)
2
t

< BIT -
(1urny

RXIN.TOL LOOOOOO0O0O0OO000000000C0ODOO0O00O0
RxIN.TOL ROOOOOOOOOOOO0O00OCOOO0000000O0

FIGURE 16. Receiver Input Tolerance (RxIN_TOL) and Sampling Window
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DS99R103 00 00O OO0OODO

oooo [ oooo | wo | 0o

LVCMOS 0000 00000000000

41,4844, |DIN[23:0] [LvCMOS 1 [J0000000C0000000000000000000000000000000000

41-32, 29-25 Low 0000000 O

10 TCLK LVCMOS I [J0000000000000000000000000 0000 00000000000 000
TRFBOOOO 0 00000

0o000o0ooo

9 TPWDNB [LVCMOS I [000000000000000 (LowD000)0
TPWDNB [ H:0000000000000 (00 )000000
TPWDNB U L: 0000000 00000000000000000000000000
0 (0000 HOLVDSOOOD 00 DOUT(D /0 ) O TRI-STATE 00000000 00
OD0ODO0PLLOODO0O0

18 DEN LVCMOS I [J0000000000000000000
DENO H: LvDSOOODO 00 0000000 (00 )00000
DEN 0 L: LVvDSO0O000000000000 (D0 ) 00000 000000000
LVDSOOOO 0 O DOUT(D /0 )0 TRI-STATE 0 00 PLLO TCLK 000000 O
u[sju]s[s[s]s

23 PRE LVCMOS 1  [00000000000000
PRE ) (Rprp 0 3KQ): Iyg O [(1.2/R) % 20]0] Ry 01 3K
PREDO 00 (NC):000000000000000000

11 TRFB LVCMOS I [j00000000000000000000000
TRFBO H: 0000000000000000000000000 000000000000
0000
TRFB 0 L: 0000000000000000000000000000000000000
0000

12 VODSEL |LVCMOS I [voDOOO0O0O000D
VODSEL U L: LVDSOOOD 0 0 O+ 400mV (R, 0 100Q)
VODSEL ) H: LVDSOOOO 0 0 O+ 750mV (R 0 1000)
00000000000000000000 Lew 00000000 VOD 0000000
000000000000 000000000000000000000 HighDODOO

5 DCAOFF  [LVCMOS I |00 —0000000 Low D0 00000000

8 DCBOFF  [LVCMOS I |00 —0000000 Low DD 00000000

13 RESRVD [LVCMOS I |00 —O00000D0 Low D0 00000000

LVDS 000 0 00000000000

20 DOUTO  [LVDS O (0000000 LvDS 000 (0)00000000000DOUTO000 100Q 00
00000000000 000000 00000000000 100nF 0000000000
00000 ACO00000

19 DOUTO  [LVDS O (0000000 LvDS OO (0)00000000000DOUTO000 100Q 00
0000000000 0000000 0000000000 100nF 00000000000
0000 ACO00000

00 /00000000

22 VDDDR _ [VDD 0000000LVDSO0000000

21 VSSDR _ |GND 00000000000 LVDS 00000000000

16 VDDPTO _ |VDD 0000000 vVCcoODOO000

17 VSSPTO  |GND 00000000000 Veo 000000000

14 VDDPTI _ [VDD O000000PLLOODOOO

15 VSSPTI  [GND 00000000000 PLLO0OO0OO0O0 DO

30 VDDT VDD 000000 000000000000000000000

31 VSST GND 0000000000 000000000000000000000000

7 VDDL VDD 000000 0000000000000000000

6 VSSL GND 0000000000 0000000000000000000000

42 VDDIT  [VDD 0000000000000000000000

43 VSSIT GND 0D000000000000000000 0000000000

24 VSS GND ESD 00000

www.national.com/jpn/
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DIN[12] — 39 22 VppDR
DIN[13] ——] 40 21 VgsDR
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Vpp!T 2 DS99R103 19 }—— DOUT-
VeelT 43 45 PINLLP 18 DEN
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DIN[15] ——] 44 17 VggPTO
DIN[16] ——] 45 16 VppPTO
DIN[17] ——] 46 15 VggPT1
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DS99R104 00O OOOOOOOO

goog ‘ goog

/0

oo

LveMos 0000 000o0oooooo

25-28,31-34|ROUT[7:0] |LVCMOS 0 |00000000000000000000000 —O0000 1
13-16,21-24|ROUT[15:8] |LVCMOS_O|00000000000000000000000 —0000 2
3-6,9-12  |ROUT[23:16] |LVCMOS_O [0 000 0000000000000000000 —O0000 3
18 RCLK LVCMOS_0 |000000000000000000 000 000000000000 000 RRFBOOOODO
0oooo
000000000
43 RRFB LVCMOS I [000000000000000000000
RRFBO H; LVCMOS 0 0 ROUT 000000000 0000000000000000
RRFBO L; LVCMOS 0 0 ROUT 000000000 0000000000000000
48 REN LVCMOS I [00000000000000000
REN O H; ROUT[23-0]0 RCLK 000000 (00 )00000 O
RENO L; ROUT[23-0]0 RCLK 0 0000000 (00 )D00000000 ROUT
[23-0]0 RCLK 0 00 TRI-STATEO O OOPLLO TCLK OOOOD OO 0000000
1 RPWDNB |LVCMOS | [00000000000000
RPWDNB O H;0000000000000 ON
RPWDNBO L;000000000000000 (0000 )3 ROUT[23-0]0 RCLKO OO
0 LOCK O TRI-STATE 0 000000000 0PLL 00OMMOO000O0 0000000
00000000MO00000000
17 LOCK LVCMOS O [00000 PLLOO 0000000
LOCK O H;00000 PLLO00000C 000 O
LOCKO L;00000 PLLO 00000 0000 O CROUT[23-0]0 RCLKD TRI-STATE
ooooo
2 RESRVD  |LVCMOS I |00 —O000000 LowD O OO0O0000OO
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TABLE 1. DS99R103 Serializer Truth Table
TPWDNB DEN Tx PLL Status LVDS Outputs

(Pin 9) (Pin 18) (Internal) (Pins 19 and 20)
L X Hi Z
H L Hi Z
H H Not Locked Hi Z
H H Locked Serialized Data with Embedded Clock

TABLE 2. DS99R104 Deserializer Truth Table
RPWDNB REN Rx PLL Status ROUTn and RCLK LOCK
(Pin 1) (Pin 48) (Internal) (See Pin Diagram) (Pin 17)
L X X Hi Z Hi Z
H L X Hi Z L = PLL Unocked;
H = PLL Locked
H H Not Locked HiZ L
H H Locked Data and RCLK Active H
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NSID Package Type Package ID
DS99R103TVS 48 Lead TQFP style, 7.0 X 7.0 X 1.0 mm, 0.5 mm pitch VBC48A
DS99R103TVSX 48 Lead TQFP style, 7.0 X 7.0 X 1.0 mm, 0.5 mm pitch, 1000 std reel VBC48A
DS99R104TVS 48 Lead TQFP style, 7.0 X 7.0 X 1.0 mm, 0.5 mm pitch VBC48A
DS99R104TVSX 48 Lead TQFP style, 7.0 X 7.0 X 1.0 mm, 0.5 mm pitch, 1000 std reel VBC48A
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DS99R103TSQX 48 Lead LLP style, 7.0 X 7.0 X 0.8 mm, 0.5 mm pitch, 1000 std reel SQA48D
DS99R104TSQ 48 Lead LLP style, 7.0 X 7.0 X 0.8 mm, 0.5 mm pitch SQA48D
DS99R104TSQX 48 Lead LLP style, 7.0 X 7.0 X 0.8 mm, 0.5 mm pitch, 1000 std reel SQA48D
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