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TMC304 (previous name TMCTEGS3) is alow-power and high-resolution multi-hit Time to
Digitd Converter chip. Input signals are digitized at TMC (Time Memory Cell) circuitsin (clock
period)/32 (0.78 ns @40MHZz) time bin. The 32 bits of digitized data is then encoded into a hit bit
and 5-bit data, and stored in memories. The memory is dua port memory so write and read can be
performed at the same time and there is no dead time for data conversion. There are 128 words of
dual port memories, and the chip can store 2.56 ps to 12.8 us data depend on the system clock
frequency.

If user wants to suppress zero data a the output, signal correspond to the hit tag bit can be used as
astrobe signal to next level buffer.

To stabilize the internal delay element, PLL circuit is used. User can select 10 - 50 MHz system
clock (x1 mode) or 2.5 - 12.5 MHz clock (x4 mode). There are 4 Control and Status Registers
(CSR's) which can be read and write from 8 bit CSR bus. TMC304 chip has 4 input channels.



MAIN FEATURES

* Least Time Count : 0.6 - 3.1 ng/hit
* Time Resolution : RMS = 250 ps (@40 MH2z)
* Integral Linearity Error : < 80 ps @40MHz
* Differentid Linearity Error : < 60 ps @40MHz
* Stability :(3.0-36V.0-70°C)
» System Clock Frequency : 10 - 50 MHz (x1 mode)
2.5 -12.5 MHz (x4 mode)

* No. of Channels : 4 Channels

* Recording depth : 128 clock cycle (2.56 - 12.8 us)

* Double Hit Resolution :25-32ns

» Readout mode : (i) Synchronous read mode (individual channel zero suppress)

(it) Synchronous read mode (all channel zero suppress)
(i) Asynchronous read mode (4 channel access)
(iv) Asynchronous read mode (1 channel access)

» Daaformat - dual edge encode (hit tag + 5 bit)

* Supply Voltage :3.3V

* Process : 0.5 um CMOS Sea-of-Gate

» Power Dissipation : ~50 mW/Channnel (@40MHz, Input=1MHz)
* Package : 0.5 mm lead pitch, 144 pin plastic QFP

[* Test Circuits : Ring Oscillator, NMOS and PMOS transistors.]
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INTRODUCTION

A. Fine-Time Measurement

The measurement of the finetimeis based on a 32 tap ring oscillator as shown in Fig. 1. The
circuit of the ring oscillator is modified to generate even number of equaly spaced timing signals and
named “ Asymmetric Ring Oscilator” [1]. The frequency of the oscillator is stabilized with a
PLL (Phase Locked Loop) circuit. The level of the external signal is stored to latches at every

Rising Edge Data Falling Edge Data
128W x 6b DPM 128W x 6b DPM
| Latch & Encoders
A
D QH ]-DQ—]-DQ—I—DQ
RS > —>

__________________________________________________

Asym. Ring Osc.

- Lpr  |VGN
Phase Charge
Freq. Pump
Detector |— Cvg
1 PLL circuit I

Fig. 1 TMC corecircuit.



PIN DESCRIPTION

[l =Input, DI = Differentia Input, O = Normal Output, TO = Three State Output; PU = with
internal pull-up resistor, PD = with internal pull-down resistor, * = negative logic]

TMC pins

* EDCLK [1] : When thissignal isHigh level, CLKP/CLKN pins are connected to adifferentid
input receiver. When thissignal is Low level, the CLKP pin is connected to asingle ended
input buffer and the CLKN is disconnected from the internal circuit.

* CLKP,CLKN [DI/I] : System clock inputs. In adifferential input mode, CLKP act as anon-
inverting input and CLKN act as ainverting input. In asingle end mode, CLKP pinisused
as the clock input.

* DIV4[1] : Divide by 4 selection. When thissigna is high, theinternal oscillation clock is
divided by 4 before the phase comparator of the PLL. Thus the internal clock frequency has
4 times higher frequency of the system clock.

* RESET* [I] : Thisinput pinisused to reset al the interna circuit. When RESET* is asserted,
internal registers and circuit areinitialized. The PLL circuit does not be affected in the reset
operation when DIV4 islow. When “divide by 4” mode is selected (DIV4=High), phase
lock islost at the reset.

» CIO0*~CIO7* [1,TQ] : These 1/O pins are datalines for control bus which read and write the
CSR registers.

* CS* [I] : Thissigna isastrobe signa for the control bus.
* RAO~1[l] : These pins are used as address line to the control bus.
* WR* [I] : ThispinisaRead/Write* select signal in the control bus.

* ED [1] : When thissignal is High level, TINXP/TINXN (x=0..3) pins are connected to a
differentia input receiver. When thissignal is Low level, the TINXP pinis connected to a
single ended input buffer and the TINXN pin is disconnected from internal circuit.

* TINOP ~ TIN3P, TINON~3N [DI/I] : Inputs for time measuring signals. In differentia input
mode, TINXP act as anon-inverting input and TINXN act as ainverting input. In single end
mode, TINXP is used for theinput of clock.

* Rxy (x=0..3, y=0..5) [TO] : These signals are output of rising edge data. The "x" denotes
channel number and the"y" denotes bit number. Bit O to 4 indicate encoded data and bit 5
indicates ahit tag. Timing characteristic of the bit 5 is controlled by ZSG* signal, and user
can select pulse or leve output. The three-state output buffer is controlled by a RE* signal.

* Fxy (x=0..3, y=0..5) [TO] : These signals are output of falling edge data. The "x" denotes
channel number and the"y" denotes bit number. Bit O to 4 indicate encoded data and bit 5
indicates a hit tag. Timing characteristic of the bit 5 is controlled by ZSG* signal, and user
can select pulse or leve output. The three-state output buffer is controlled by a RE* signal.

* RPO-RP6 [TQ] : These pins provide the Read Pointer value with synchronous to the Rxy and
Fxy. The three-state output buffer is controlled by RE* signal.

* RE* [I] : Thisinput controls the three-state output buffers of Rxy, Fxy and RPO-6. When
RE* is asserted those output buffers are enabled as shown below. When RE* is negated,
those output has high impedance.



RE* | RMODE | DCHO, 1|| ROy, FOy | Rly, Fly | R2y, F2y | R3y, F3y RPO-RP6
1 X X Hi Z Hi Z Hi Z Hi Z Hi Z
0 0,12 X enabled enabled enabled enabled enabled
0 3 0 enabled Hi Z Hi Z Hi Z enabled
0 3 1 Hi Z enabled Hi Z Hi Z enabled
0 3 2 Hi Z Hi z enabled Hi z enabled
0 3 3 Hi Z Hi Z Hi Z enabled enabled

* RMOD1~0[1] : These pins select readout mode as shown below.
RMODE Readout mode
0 Synchronous read mode (individua channel zero suppress)
1 Synchronous read mode (all channel zero suppress)
2 Asynchronous read mode (4 channel access)
3 Asynchronous read mode (1 channel access)

RMODE = [RMOD1,RMODO]

RMODE=0 is asynchronous read mode and data will appear at the output at every clock
cycle. Each channel hasits own hit tag bit.

RMODE=1 is dmost same as the RMODEO but the R0O5 indicates ORed signal of dl 4
channd hit tag of the rising edge. The FO5 indicates ORed signa of al 4 channel hit tag of
the falling edge. In addition, the R15 indicates ORed signa of al 4 channdl hit tag of both
rising and falling edge. All other Rx5 signals have same value as in the RMODE=0.

RMODE=2 is an asynchronous read mode, and al 4 channel data are read out
simultaneoudly controlled by RCLK. In the asynchronous mode, data recording should be
stopped when reading.

RMODE=3is an asynchronous read mode. In the asynchronous mode, data recording
should be stopped when reading. The data readout is done for each channel selected by
DCHO and DCH1. Readout timing is controlled by RCLK.

* DCH1~0[I] : These signals select readout channel when readout modeis 3.

* RCLK [I] : Thissignal is used to control the data readout timing in the asynchronous read
mode (RMODE=2 or 3).

» ZSG* [1] : Thissignal controls the timing characteristics of the hit tag outputs (Rx5, Fx5).
When this signal is asserted, the hit tag outputs become pulsed output and can be used to
strobe non-zero data. When this bit is negated, the hit tag outputs has same timing
characteristics as other dataline.

* WSTART [I] : Thissignal starts write cycle of the TMC.

* WRUN [Q] : Thissignal indicates the start of the write cycleinthe TMC. Thisisa
synchronized signal with the system clock.

* RSTART [I] : Thissigna starts readout cycle of the dua port memory.

* RRUN [O] : Thissignal indicates the start of the readout cycle of the dua port memory. This
isasynchronized signal with the system clock.

* VGNO-VGNS3 [O] : These pins are outputs of PLL loop filter, and must be connected to
external capacitors of ~6800 pF.



» SF1 - SF2 [1] : Selection of the PLL loop filter value. These pins should be connect to Vdd.

* WS* [O] : Write strobe signal. Thissignal can be used as a strobe signal of the data (Rxy,
Fxy and RPO-6).

Test purpose pins (expert only)

[Following pins are used for test purpose. Normal user can leave those pins open.]
*DN[Q] : PLL down signal.
*UP[Q]: PLL up signal.
« ROSC [O] : TMC ring oscillator clock output. Y ou can check internal clock signal throgh this pin when

TSTROSC pin is connected to high level. Thereis aPLL circuit for each channel, and you can select the
channel by DCHO-1 signals as shown below.

TSTROSC DCH1 DCHO ROSC
1 0 0 ChO PLL Clock
1 0 1 Chl PLL Clock
1 1 0 Ch2 PLL Clock
1 1 1 Ch3 PLL Clock
0 X X 0

* TSTROSC [I, PD] : Enable oscillator test. When this signal is asserted, PLL oscillator output select by DCHO
and 1 is connected to ROSC pin. In addition the sdlected signal is also supplied to the read pointer to check the
frequency.

* ENRO* [I, PU] : Enable radiation test ring oscillator.

*« ROOUT [Q] : Ring oscillator output for radiation damage test.
« WTCEN [I, PD] : WTCLK enable.

« WTCLK [I, PD] : Write test clock.

* NMOSG, NMOSD, PMOSG, PMOSD, COM : Test transistor connections. Each pis has input protection circuit.



CSR Reqisters

CSR registers bit assgnment

bit 7 6 5 4 3 2 1 0
CSRO SHIFT MTEST | NRPSYN | ENRPUP - TCH1 TCHO F/R*
(R'W:0) | (RIW:0) (R'W:0) (RIW:0) (R'W:0) | (R'W:0) | (R'W:0) | (R/'W:0)
CSR1 0 Read Pointer register [RPR]
(RI'W:0)
CSR2 0 Write Pointer Register [WPR]
(R/W:0)
CSR3 SOUT SIN Test Data Register [TDR]
(R:0) (R/W:0) (R/W:0)
(RIW: X ) --- (Readable/Writeable: Initia vaue)

* CSRO : Miscellaneous control.

* NRPSY N [read/write]: Disable synchronous count up of the read pointer with write pointer.
When NRPSY N="0", the read pointer is incremented synchronous to the system clock when

write cycle started. If the NRPSY N="1", this automatic count up is inhibited.

* ENRPUP [read/write] : Enable automatic count up of the read pointer after asynchronous readout.
When ENRPUP="1" and in asynchronous read mode (RMODE=2 or 3), the read pointer is

incremented after negation of the RCLK.

« F/R* [read/write]: Test dataselect, =0 rising edge, =1 falling edge.

e TCHO~1 [read/write]: Test channel select. TCH =[TCH1,TCHQ].

[Following bits are used to test chip. Normal user should not set these bits. ]

« MTEST : Memory Test select. When this bit is set, output of the Test Data Register (TDR) is connected to the
input of the DPM and the input of TDR is connected to the output of encoder logic selected by TCH bits and

F/R* bit.

« SHIFT : Enable Shift In/Out. When this bit is set, the value of the SIN bit is shifted into the encode register
which is selected by CH bits at the end of CSR3 read/write operation..[read/write]

* CSR1 : Read Pointer Register

* RPR [read/write]: Read Pointer Register. Thisis a 7-bit loadable up-counter which outputs are
connected to the read addresses of the Dua Port Memory (DPM). The read pointer is set
through this register and read back present value of the read pointer.

* CSR2 : Write Pointer Register

* WPR [read/write]: Write Pointer Register. Thisis a7-bit up loadable up-counter which outputs
are connected to the write addresses of the Dud Port Memory (DPM). The write pointer is set
through this register and read back present vaue of the write pointer.



* CSR3 : Test Data Reqister

[This register is used to test chip. Normal user should not set this register. |
* TDR [read/write]: Test Data Register.
* SIN [read/write] : Serial Input bit.

« SOUT [read only] : Serial output bit



Data Encoding Scheme

Digitized dataa TMC circuit is encoded before the write operation to the dual port memory.
The data encoding scheme is shown in the following table . Bit position a which the datais changed
from"0" to"1" isencoded in the rising edge data, and bit position of "1" to "0" is encoded in the
falling edge data. Hit tag bit shows the existence of those transition.

In addition to the transition encoding, user can get dl "0" or dl "1" information by taking the
encoded data at no hit tag. This may help more understanding of the signal behavior.

Rising Edge
row next | [Rx5] :[Rx4..0] Comment
data cycle [ Hit | Encoded
0 1 2 3 4 5 30 31 0 Tag ! Daa
o 0 0 0 O 0 +« =« =« 0 0 O o 1 0 al 0
|+ _d _d d_d _d - - - _d__d _d | C 0 _1_1_dll/noR edge
0 1 X X X X . . . X X X 1 1|_ 0 edgeat 0-1
X 0 1 X X X . . . X X X 1 : 1 edgeat 1-2
d d 0 1 x x s . X X X 1, 2 edgeat 2-3
d d d 0 1 X e . . X X X 1 1 3 edgeat 3-4
d d d d d e« + « 0 1 x | 30 | edgeat30-31
d d d d d d e« « « d o0 1 1 1 31 | edgeat310
Faling Edge
row next | [Fx5] i[Fx4..0] Comment
daa cycle Hit : Encoded
0 1 2 3 4 5 30 31 0 Tag |, Daa
1 1 1 1 1 1 . - 1 1 1 o, O al 1
| 0 __u Yy _u__u __u_ - -+ _u_ _u _u]l 0, 1 |al0/noFeke
1 0 X X X X . . . X X X 1 : 0 edgeat 0-1
X 1 0 X X X . . . X X X 1 : 1 edgeat 1-2
u u 1 0 X X . . . X X X 1 1 2 edgeat 2-3
u u u 1 0 X . . . X X X 1 : 3 edgeat 3-4
: P :
u u u u . . . 1 0 1 ] 30 edge at 30-31
u u . . . 1 1 0 1 ! 31 edgeat 31-0

d..d = norising edge
u..u = no faling edge
X = don't care



TMC304 Pin Assignments

Y/
S
=z
o

Signal Name

VDD

ClO0*

Pin No

37

Signal Name

V SSINMOSG]

ClO1*

38

V SSINMOSD]

ClOoz*

39

VDD

ClO3*

VDD

VSS

41

FOO

ClO4*

42

FO1

ClO5*

FO2

O 00| | O U K| W[ N =

ClO6*

VSS

=
(@)

ClO7*

FO3

=
=

ZSG*

46

F04

=
N

VSS

47

FO5

=
w

ROO

SF1

H
~

RO1

49

SF2

=
(6)

R0O2

50

WR*

=
(o)

RO3

51

(DN)

=
\l

R0O4

52

(UP)

=
[o¢]

VDD

53

VSS

=
©

RO5

CS*

N
O

(ROOUT)

55

DIV4

N
[y

WS*

56

R10

N
N

RRUN

S5/

R11

N
w

TINON

58

R12

N
N

TINOP

59

R13

N
(&)

TININ

60

VDD

N
(o))

TIN1P

61

R14

N
<

VSS

62

R15

N
[e0)

ED

63

VSS

N
O

TIN2N

VSS

(o8]
O

TIN2P

65

(WTCEN)

w
iy

TINSN

66

DCH1

W
N

TIN3P

67

DCHO

W
w

VSS

68

(WTCLK)

w
B

VDDI[PMOSD]

69

ROSC

w
(&)

VDD[PmOsG]

70

VSS

w
(o)

(COM)

/1

(TSTROSC)

72

RE*




Pin No

/3

Signal Name

VDD

74

RMODO

75

RMOD1

76

VSS

77/

F10

78

F11

79

F12

80

F13

81

VSS

82

F14

83

F15

84

VDD

85

VGNO

86

VGN1

87

VSS

88

VGN2

89

VGN3

90

VDD

91

R20

92

R21

93

VSS

94

R22

95

R23

96

R24

97

R25

98

(ENRO")

99

RAO

100

RA1

101

VSS

102

F20

103

F21

104

VDD

105

F22

106

F23

107

F24

108

F25

Pin No

Signal Name

109

VSS

110

RESET*

111

VDD

112

R30

113

R31

114

R32

115

R33

116

VSS

117

R34

118

R35

119

WRUN

120

VDD

121

F30

122

F31

123

F32

124

F33

125

VSS

126

F34

127

F35

128

VSS

129

RSTART

130

VDD

131

WSTART

132

RCLK

133

EDCLK

134

CLKN

135

CLKP

136

VSS

137

RPO

138

RP1

139

RP2

140

RP3

141

VDD

142

RPZ

143

RP5

144

RP6

* --- negative logic
() -- Test Signals (leave open)




5 23
MmN O
@ Oz znzzQ %) Q0n
@] 4Ot NN O Z NS PO N—HO NS
MANA O U zZ ] a) ) [a) %) =0
SRR NS f oS SR SR oo QL Q0 ST R LR TTE 2228
73
*
VSS 109 ﬁ%TROSC)
RESET* VSS
vDD (ROSC)
R30 (WTCLK)
R31 DCHO
R32 DCH1
R33 (WTCEN)
VSS \/SS
R34 VSS
R35 R15
WRUN R1a
VDD Bb
F30 R13
F31 "D
E§§ Toshiba RI1
v TC180G26HS o1y4
F35 01019423-xx =
VSS Up
RSTART JAPAN EDN%
VDD e
START
WLk gE%
EDCLK 205
CLKN F04
CLKP FO3
VSS VSs
RPO F02
RP1 FOL
RP2 FOO
RP3 VDD
VDD VDD
RP4 (NMOSD)
RPS 37 (NMOSG)
RP6
1
- Zo Zo R mo
Q5 & 50 5 & & 50 0N MVDQFZ})%%% E&U)SNNMMU}DOE
055082380 36 A0 22 g SR 32722 228 22222890
OO0 OOOON 0 XFFFF e EE\_,
24 Qo

n.c.=non connection, () = Test Signals (leave open)

TMCTEG3 Pin Assignment (Top View)

95.2.22 Y. Arai



1.25TYP

22.610.2

- 20.020.2
108 ‘ 73

AHIgIN iR adeladziate il elnlstnisisiainlainiadnteiadalolaintsinls

-.t-—*

109 —

£

1.25TYP

QFP144 Shrink 144-pin Plastic Flat Package (unit : mm)

=oa b gy
T -
- -
- - n-
= waa -
— | -
- — —_—
e -
- :—'._.;
- —h—
- —
=z ia
- - ——
——— e
- -
——— e
e
- gy
= s
— —_——
—raa -
——— Brs
— prd-ty
e -
e o=
= ==
naAdhat Pl
- —
-y ety N
ppiety
.| —a.
el -
e ===
—— o
-~ -

-

-----------------------------------

72

<

20.0:0.2

22.510.2

1 28

02291 r a6 08 ()

4.45MAX

21.810.2

—

A
0.5 ',%DS

c-10

0.540.




« Maximum Ratings

Symbol Parameter Vaue
VDD DC Supply Voltage -0.3to+4.6 V
VIN Input Voltage -0.3to VDD+0.3 V
IIN Input Current 10 mA
TSTG Storage Temperature -40to +125 °C

* Recommended Operating Condition (Vss= 0V)

Symbol Parameter Vaue
VDD DC Supply Voltage 30t036V
Ta Ambient Temperature 0to+70°C
» DC Characteristics
Symbol | Parameter Condition Min Max Unit
VIH Input High Voltage Vpp x 0.8
VIL Input Low Voltage Vpp x 0.2
IH Input High Current VIN =VDD -10 10 HA
L Input Low Current VIN =VSs -10 10 A
VoH | High-Level Output RRUN, WRUN, ROSC 24 \Y
Voltage IoH =-4 mA (B4)
All Signals except above. 2.4 \%
IoH =-8 mA (BB)
VoL | Low-Level Output RRUN, WRUN, ROSC 0.4 \Y
Voltage IloH =4 mA (B4)
All Signals except above 0.4 Vv
loH =8 mA (B8)
loz 3-state Output -10 10 HA
Leskage Current
IDDsS | Quiescent Device VIN =VDD or Vss 60 A
Current
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[ AC Characteristics |

(VDD =33V, Ta=25°C. ROSC, WRUN, RRUN : Cload = 25 pF, All other output signals : Cload = 50 pF )
» Clock Signal Characteristics

Symbol | Characteristics Condition Min Typ Max Unit
fo CLK frequency DIV4=L 10 - 50 MHz
DIV4=H 25 - 125 MHz
T1 CLK riseand fall time EDCLK=L - - 3.0 ns
T2L/T2H | CLK duty factor EDCLK=L 0.6 1.0 14
Vcenter | Center voltage of dfferential clock EDCLK=H 14 - 2.6 \%
AV Differential clock amplitude EDCLK=H 100 - - mvV
AV/T3 | CLK riseandfall rate EDCLK=H - - 1 V/ns
TAL/T4H | CLK duty factor EDCLK=H 0.6 1.0 14
T5 External clock and PLL clock phase offset | DIV4=1 -4 -1.7 1 ns
T6 External clock and PLL clock phase offset | DIV4=0 -3 -0.7 2 ns
T7 Rising edge delay between ROSC output TSTROSC=1 25 4.2 6.3 ns
and PLL clock
T8 Falling edge delay between ROSC output TSTROSC=1 2.8 4.7 7.1 ns
and PLL clock

[Clock Waveforms]

1/f0

* EDCLK=Low

CLKP

« EDCLK=High 1/f0
CLKP T4L T4H

Vcenter % ‘| DV
\CLKN —bl—q— T3

[Clock Offsets]

?DLI\K/4:H) / \ /_

T5
> -
CLK
(DIV4=L)
» = 16
PLL clock \ A 7N TN S ;T
(Internal) \\---J/ pa— | W \\----ﬁ \----I,
> < 17 > « 18

ROSC
(output)



* CSR Access Timing

Symbol | Characteristics Min Typ Max Unit
Tl RA, WR* setup time 1.0 - ns
T2 RA, WR* hold time 2.0 - ns
T3 CS* asserted to CIO* asserted 4.4 12 ns
T4 CS* negated to CIO* negated 2.8 8 ns
T5 ClO* setup time 0.0 ns
T6 CIO* hold time 3.0 ns

[CSR Read Cycle Timing Diagram]
RAO-1 X X
WR* / \

1 \ T2
CS* e—b

T1 T4
CIOO0-7*

T3

[CSR Write Cycle Timing Diagram]
RA0-1 X X
WR* \ ’

— T2
CS*

T1 _p T5 T6

ClO0-7* £ L




e Input Recording Timing

Symbol | Characteristics Condition Min Typ Max Unit
T1 WSTART safety areastart timing (*) - - 15 ns
T2 WSTART safety areaend timing (*) - - 0.1 ns
T3 WRUN assert timing 2.8 - 7.1 ns
T4 WRUN negate timing 2.9 - 7.3 ns
T5 Input recording timing At=bit width - TAt - ns

(*) If WSTART is asserted outside of this safety areg, it is not guaranteed that the input recording will start from the
next cycle. User can identify the start of recording by checking WRUN signal., or synchronize the WSTART signal to

CLK signal if necessary.

[Input Recording Timing]

(PLL clcok) A "N ,---——“ I ‘- /, —_———
_J, _____! _ ___Jl ‘!.____l
™ T -— “« T2
WSTART \ :;‘
\
T4
WRUN

TS5
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(Read Pointer) N _,)(‘ N+t _}\ N2 3{ N+
(Write Strobe*) o ot \\ ll- ----\ li----"\ ’l----------
oot oood \eeed
() -- Internal Signal
* Readout Timing

Symbol | Characteristics Condition Min Max Unit
T1 RSTART safety areastart timing (*) RMODE=0or 1 - 11 ns
T2 RSTART safety areaend timing (*) RMODE=0or 1 - 0.3 ns
T3 RRUN assert timing RMODE=0or 1 3.1 7.8 ns
T4 RRUN negate timing RMODE=0or 1 2.9 7.4 ns
T5 RE* assert to dataline enable time 3.4 9.5 ns
T6 RE* negate to dataline disable time 3.0 10.2 ns
T7 PLL clock high to data assert time RMODE=0or 1 3.9 10.5 ns
T8 Data change to Rx5, Fx5 assert time ZSG*=L 0.8 3.8 ns
T9 Rx5, Fx5 pulse width (**) Tch+0.8 Tch+2.3 ns
T10 | WS* assert to datachangetime 0.8 33 ns
T11 WS* pulse width (**) Tch+0.1 Tch+0.4 ns
T12 RMOD to RRUN assert time RMODE=2or 3 3.1 7.6 ns
T13 RCLK high pulse width (=Tch) RMODE=2or 3 5 - ns
T14 RCLK cycletime RMODE=2 or 3 20 - ns
T15 RCLK high to data assert time RMODE=2 or 3 4.1 11.6 ns
T16 DCHXx to channel datachangetime RMODE=3 3.7 8.5 ns




(*) If RSTART is asserted outside of this sefety area, it is not guaranteed that the readout will start from the next cycle.
User can identify the start of reading by checking RRUN signal., or synchronizethe RSTART signal to CLK signal if

necessary.
(**) Tch: Clock high time of PLL clock(RMODE=0 or 1) or RCLK(RMODE=2 or 3).
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Exapmles of signa connections.




