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Table 5: Register Map

Name Description Default D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 [ DO | , d:f:ss
rst* Self-clearing software Inactive % 0X00
reset.
Channel-specific sleep
sleep_4_ch mode for a Quad Inactive X X X X
<4:1>
Channel setup.
sleep2 ch Channel-specific
p_ - sleep mode for a Dual Inactive X X
<2:1>
Channel setup.
Channel-specific sleep
sleep1_ch1 mode for a Single Inactive X 0xOF
Channel setup.
sleep Go to sleep-mode. Inactive X
pd Go to power-down. Inactive X
. ) . PD pin configured
pd_pin_cfg Configures the PD pin )
<1:0> function. for power-down X X
mode
ivds_ Iclk LVDS current drive
<0:0> programmability for 3.5 mA drive X X X
. LCLKP and LCLKN pins.
LVDS current drive I_
ilvds_frame programmability for .
<2:0> FCLKP and FCLKN 8.5 mA drive X x| x Oxtt 2
pins. cD
ilvds._dat LVDS current drive
<2'6> programmability for 3.5 mA drive X X X 1
i output data pins.
n vd Enables internal Termination U)
en_vas_ termination for LVDS ermina X
term disabled
buffers.
term_lclk Programmable Termination LIJ
>0 termination for LCLKN disabled 1 X | X | X |_
<= and LCLKP buffers. oxi2 m
X
term_frame Programmable Termination
- termination for FCLKN A 1 X X X I I I
<2:0> disabled
and FCLKP buffers. >
Programmable i
term_dat LS Termination
_ termination for output A 1 X X X Z
<2:0> disabled
data buffers.
Channel specific O
invert4_ch swapping of the analog . e
<4:1> input signal for a Quad IPxis positive input X X X X O
Channel setup. D
Channel specific
invert2_ch | swapping of the analog | |5, ;o 1 citive input x | x ox24 ~~
<2:1> input signal for a Dual
Channel setup. <
Channel specific
invert1_ch1 swapping of the an_alog IPx is positive input X
input signal for a Single
Channel setup.
Enables a repeating
en_ramp full-scale ramp pattern Inactive X 0 0
on the outputs.
Enable the mode
dual_ wherein the output Inactive 0 X 0 0x25
custom_pat toggles between two
defined codes.
single Enables the mode
ge_ wherein the output is a Inactive 0 0 X
custom_pat ”
constant specified code.
Bits for the single
bits_custom1 | custom pattern and for
the first code of the dual 0x0000 X X X X X X X X X X X X X X X X 0x26
<15:0> custom pattern. <0> is
the LSB.
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Table 5: Register Map

Name Description Default D15 (D14 (D13 | D12 (D11 (D10 | D9 ( D8 ( D7 (| D6 | D5 ( D4 | D3 ( D2 | D1 | DO Adl‘:l::ss
bits_custom2 Bits for the second
code of the dual custom 0x0000 X X X X X X X X X X X X X X X X 0x27
<15:0> pattern.
coaind chi Programmable coarse
9 <3:0> gain channel 1ina 1x gain X X X X
: Quad Channel setup.
. Programmable coarse
cgaigfl(;:m gain channel 2in a 1x gain X X X X
: Quad Channel setup.
0x2A
coaind ch3 Programmable coarse
9 <3:0> gain channel 3in a 1x gain X X X X
: Quad Channel setup.
. Programmable coarse
Cgig‘,‘a:h“ gain channel 4 in a 1x gain X X X X
: Quad Channel setup.
coain2 chi Programmable coarse
9 <3:0> gain channel 1 in a Dual 1x gain X X X X
: Channel setup.
cgain2 ch2 Programmable coarse
9 <3:0> gain channel 2 in a Dual 1x gain X X X X 0x2B
: Channel setup.
coaini chi Programmable coarse
9 <3_0—> gain channel 1ina 1x gain X X X X
: Single Channel setup.
"‘L‘;r_—o‘z” Clock jitter adjustment. 160 fsrms X[ x| x| x| x|x|x]| x| oxao
precnsnoT_ Ena_ble Que_id_ Channel Inactive X
mode 14 bits precision mode.

high_speed_ Enable high speed High speed mode —

mode * mode, Single, Dual or X X X 0x31
<2:0> Quad channel. Quad Channel
clk_divide Define clock divider -
<1:0>* factor: 1,2,4 or 8 Divide by 1 X X
coarse_ Conflgures thg coarse xegain enabled X
gain_cfg gain setting 0x33
fine_gain_en | Enable use of fine gain. Disabled X
fgain_ X .
branchi | Programmable fine gain 1x / 0dB gain X | x| x| x|x]|x]|x
for branch.
<6:0>
0x34
fgain_ Programmable fine gain
branch2 1x/ 0dB gain X X X X X X X
for branch 2.
<6:0>
fgain_ Programmable fine gain
branch3 1x/ 0dB gain X X X X X | X X
for branch 3.
<6:0>
" 0x35
fgain_ Programmable fine gain
branch4 1x/ 0dB gain X X X X X X X
for branch 4.
<6:0>
fgain_ X .
branchs | Frogrammable fine gain |y ; g4p gain X | x| x| x|x]|x|x
for branch 5.
<6:0>
" 0x36
fgain_ Programmable fine gain
branch6 1x/0dB gain X X X X X X X
for branch 6.
<6:0>
fgain_ ) .
branchy | Frogrammable fine gain |y, ; g4p gain X | x| x| x|x]|x|x
for branch 7.
<6:0>
0x37
fgain_ Programmable fine gain
branch8 9 g 1x / 0dB gain x| x| x| x| x| x]|x
for branch 8.
<6:0>
inp_sel_adc1 Signal input: IP1/
40> Input select for adc 1. N9 X X X X X
i I_adc2 Signal input: IP2/ 0xaA
inp_sel_adc ignal input:
<4:0> Input select for adc 2. IN2 X X X X X
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Table 5: Register Map

Name Description Default D15 (D14 (D13 | D12 (D11 (D10 | D9 ( D8 ( D7 (| D6 | D5 ( D4 | D3 ( D2 | D1 | DO Adlzlzss
inp_sel_adc3 Signal input: IP3/
<4:0> Input select for adc 3. IN3 X X X X X
i |_adc4 Signal input: IP4/ 0x38
inp_sel_ :
40> Input select for adc 4. N4 X X X X X
hase ddr Controls the phase of
P . the LCLK output relative 90 degrees X X 0x42
<1:0>
to data.
pat_deskew Enable dnif)zzw patiern Inactive 0 X
- 0x45
pat_sync Enablemsizz pattern Inactive X 0
Binary two’s .
btc_mode complement format for Stra;)gi;:;lf)ﬁset X
ADC output data. y
0x46
Serialized ADC output
msb_first data comes out with LSB first X
MSB first.
adc__curr ADC current scaling. Nominal X X X
<2:0>
t b VCM buffer drivi 0x50
ext_vem_bc uffer driving )
<1:.0> strength control. Nominal X X I_
Ivds_pd_ Controls LVDS power High z-mode X 0x52
mode down mode
Ivds_output_ Sets the number of . CD
mode . 12 bit X X X
o LVDS output bits.
<2:0> 1
low_clk_ Low clock frequency .
freq * used. Inactive X U)
vds Advance LVDS data bits 0x53 m
- and frame clock by one Inactive 0 X
advance I | I
clock cycle
Delay LVDS data bits |_
Ivds_delay and frame clock by one Inactive X 0 m
clock cycle
fsfc-ntrl Fine adjust ADC full 0% change X X X X X X 0x55 LIJ
<5:0> scale range >
startup_ctrl . ‘00’ Z
<0:05 * Controls start-up time. 000 X X X 0x56
Undefined register addresses must not be written to; incorrect behavior may be the result. O
Unused register bits (blank table cells) must be set to ‘0’ when programming the registers. ()
All registers can be written to while the chip is in power down.

* These registers requires a power down cycle when written to (See Start up Initialization).

Information furnished by Analog Devices is believed to be accurate and reliable. However, no | For price, delivery, and to place orders: Analog Devices, Inc.,

responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other .
rights of third parties that may result from its use. Specifications subject to change without notice. No One TeChnOIOgy Way , P.O. Box 9106, Norwood, MA 02062-9106

license is granted by implication or otherwise under any patent or patent rights of Analog Devices. P hon,e" 7,87'329 -4700 * Order online at www.analog.com
Trademarks and registered trademarks are the property of their respective owners. Application Support: Phone: 1-800-ANALOG-D

Application Support: Phone: 1-800-ANALOG-D



-
=
@
0
o
LI
-
o
LUl
=
pd
O
O
@)
~~
<

ANALOG
DEVICES HMCAD1520

v04.1015

RoHSY HIGH SPEED MULTI-MODE 8/12/14-BIT
E 1000/640/105 MSPS A/D CONVERTER

EARTH FRIENDLY

Register Description

Software Reset
Name Description Default |D15| D14 |D13 (D12 (D11 (D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Ad'-(li(::ss
S| conware resst, | e X | ox00

Setting the rst register bit to ‘1, restores the default value of all the internal registers including the rst register bit itself.

Modes of Operation

Name Description Default D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Ad?::ss
recision_mode Enable Quad Channel Inactive X
P - 14 bits precision mode.
. Enable high speed High speed
r:%&:z;‘,e:; mode, Single, Dual or | mode — Quad X | X | X 0x31
’ Quad channel. Channel
L i Define clock divider -
clk_divide<1:0> factor: 1,2, 4 or 8 Divide by 1 X | X

The HMCAD1520 has four main operating modes controlled by the register bits precision_mode and high_speed_
mode as defined in table 6. Power down mode, as described in section ‘Startup Initialization’, must be activated after
or during a change of operating mode to ensure correct operation. The high speed modes all utilize interleaving to
achieve high sampling speed. Quad channel mode interleaves 2 ADC branches, dual channel mode interleaves
4 ADC branches, while single channel mode interleave all 8 ADC branches. In precision mode interleaving is not
required and each ADC channel uses one ADC branch only.

Table 6: Modes of Operation

precision h|gh_spe_ed_mode Mode of operation Description
mode <2:0>

0 0 0 1 Slngle channel 12-bit Single channel by interleaving ADC1to ADC4
high speed mode

0 0 1 0 Dual channel 12-bit Dual channel where channel 1 is made by interleaving ADC1
high speed mode and ADC2, channel 2 by interleaving ADC3 and ADC4

0 1 0 0 Quad channel 12-bit Quad channel where channel 1 corresponds to ADC1, chan-
high speed mode nel2 to ADC2, channel3 to ADC3 and channel 4 to ADC4

1 0 0 0 Quad channel 14-bit Quad channel where channel 1 corresponds to ADC1, chan-

precision mode nel2 to ADC2, channel3 to ADC3 and channel 4 to ADC4

Only one of the 4 bits should be activated at the same time.

clk_divide<1:0> allows the user to apply an input clock frequency higher than the sampling rate. The clock divider
will divide the input clock frequency by a factor of 1, 2, 4, or 8, defined by the clk_divide<1:0> register. By setting the
clk_divide<1:0> value relative to the channel_num<2:0> value, the same input clock frequency can be used for all
settings on number of channels. e.g: When increasing the number of channels from 1 to 4, the maximum sampling
rate is reduced by a factor of 4. By letting clk_divide<1:0> follow the channel_num<2:0> value, and change it from 1 to
4, the internal clock divider will provide the reduction of the sampling rate without changing the input clock frequency.
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Table 7: Clock Divider Factor

clk_divide<1:0> Clock Divider Factor Sampling rate (FS)
00 (default) 1 Input clock frequency / 1
01 2 Input clock frequency / 2
10 4 Input clock frequency / 4
1 8 Input clock frequency / 8
Input Select
Name Description Default D15|D14|D13|D12(D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Ad?::ss
inp_sel_adc1 Signal input:
<4:0> Input select for adc 1. 1P1/IN1 X| X[ X|X]|O0
i I_adc2 Signal input Ox3A
inp_sel_adc: ignal input:
<4:0> Input select for adc 2. 1P2/IN2 X[ X[ X|[X]|O0
inp_sel_adc3 Signal input:
40> Input select for adc 3. IP3/IN3 X[ X[ X]|X]|O0
i |_adc4 Signal input 0x38
inp_sel_adc: ignal input:
<4:0> Input select for adc 4. 1PA/IN4 X[ X[ X|[X]|O0

Each ADC is connected to the four input signals via a full flexible cross point switch, set up by inp_sel_adcx. In single
channel mode, any one of the four inputs can be selected as valid input to the single ADC channel. In dual channel
mode, any two of the four inputs can be selected to each ADC channel. In quad channel mode and precision mode,
any input can be assigned to any ADC channel. The switching of inputs can be done during normal operation, and no
additional actions are needed. The switching will occur instantaneously at the end of each SPI command.

Table 8: ADC Input Select

inp_sel_adcx<4:0> Selected input
0001 0 IP1/IN1
00100 1P2/IN2
0100 0 IP3/IN3
1000 0 IP4/IN4
other Do not use

A /D CONVERTERS - SMT [,

inp_sel_adc1<4:1> -ﬂb

IP1/1IN1 / ADC 1
inp_sel_adc2<4:1> <4:1>

IP2 /IN2 / ADC 2
inp_sel_adc3<4:1> <4:1>

IP3/IN3 / ADC 3
inp_sel_adc4<4:1> <i:1>

IP4 / IN4 / ADC 4

Cross Point Switch
(Analog Mux)

Figure 10: ADC input signals through Cross Point Switch
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Full-Scale Control

Hex

Name Description Default (D15 D14 |D13 (D12 | D11 (D10 D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Address

fs_cntrl Fine adjust ADC 0%

<5:0> full scale range | change X X X X X X 0x55

The full-scale voltage range of HMCAD1520 can be adjusted using an internal 6-bit DAC controlled by the fs_cntrl
register. Changing the value in the register by one step, adjusts the full-scale range by approximately 0.3%. This
leads to a maximum range of +10% adjustment. Table 9 shows how the register settings correspond to the full-scale
range. Note that the values for full-scale range adjustment are approximate. The DAC is, however, guaranteed to be
monotonous.

The full-scale control and the programmable gain features differ in two major ways:
1. The full-scale control function is an analog, whereas the programmable gain is a digital function.

2. The programmable gain function has much coarser gain steps and larger range compared to the full-scale
control function.

Table 9: Register Values with
Corresponding Change in Full-Scale Range

fs_cntrl<5:0> Full-scale range adjustment
111111 9.7 %
111110 9.4 %
100001 0.3 %
100000 0%
011111 -0.3 %
000001 -9,7%
000000 -10,0%
Current Control
Name Description Default |D15 (D14 |D13 | D12 | D11 |D10| D9 ( D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO AdT::ss
adc_curr ADC cgrrent Nominal X X X
<2:0> scaling.
ext_vem_bc VCM buffer 0xc0
N driving strength | Nominal X X
<1:0>
control

There are two registers that impact performance and power dissipation.

The adc_curr register scales the current consumption in the ADC core. The performance is guaranteed at the nomi-
nal setting. Lower power consumption can be achieved by reducing the adc_curr value, see table 10. The impact on
performance will depend on the ADC sampling rate.
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Table 10: ADC Current Control Settings

adc_curr<2:0>

ADC core current

100

-40%

101

-30%

110

-20%

1

-10%

000 (default) Nominal
001 Do not use
010 Do not use
o1 Do not use

The ext_vem_bc register controls the driving strength in the buffer supplying the voltage on the VCM pin. If this pin is
not in use, the buffer can be switched off. If current is drawn from the VCM pin, the driving strength can be increased

to keep the voltage on this pin at the correct level.

Table 11: External Common

Mode Voltage Buffer Driving Strength

VCM buffer driving strength [MA] Max
ext_vem_bc<1:0> current sinked/sourced from VCM pin with

<20 mV voltage change.

00 Off (VCM floating)
01 (default) +20

10 +400

1 +700

Start-up and Clock Jitter Control

Name Description Default | D15 | D14 | D13 | D12 | D11 | D10 | D9

Hex

D8 (D7 (D6 | D5 | D4 | D3 | D2 | D1 | DO Address

startup_ctrl | Controls start-up

<2:0> time 000 X | X | X 0x56
jitter_ctrl Clock jitter 160
<7:0> adjustment fsrms XX x| X X x| XX 0x30

To optimize start up time, a register is provided where the start-u

cuitry have start up times that are clock frequency independent. Default counter values are set to accommodate these
start up times at the maximum clock frequency (sampling rate). This will lead to increased start up times at low clock
frequencies. Setting the value of this register to the nearest higher clock frequency will reduce the count values of the

internal counters, to better fit the actual start up time, such that t

from power down and sleep modes are changed by this register setting. If the clock divider is used (set to other than 1),

the input clock frequency must be divided by the divider factor to

p time in clock cycles can be set. Some internal cir-

A /D CONVERTERS - SMT [,

he start up time will be reduced. The start up times

find the correct clock frequency range (see table 7).
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Table 12: Start-Up Time Control Settings

Precision mode Quad channel - High speed
startup_ (el s Startup delay Startup delay startup_ el e Startup delay Startup delay
ctri<2:0> quency range [clock cycles] [us] ctrl<2:0> quency range [clock cycles] [us]
[MSPS] [MSPS]
100 80- 125 1536 12.3-19.2 100 160 - 250 3072 12.3-19.2
000 50 - 80 992 12.4-19.8 000 100 - 160 1984 12.4-19.8
001 32,5-50 640 12.8-19.7 001 65 - 100 1280 12.8-19.7
010 20-32,5 420 12.9- 21 010 40 - 65 840 129-21
011 15-20 260 13-173 011 30 - 40 520 13-173
other Do not use - - other Do not use - -
Dual channel — High speed Single channel — High speed
startup_ Clock fre- Startup delay Startup delay startup_ Clock fre- Startup delay Startup delay
ctrl<2:0> quency range [clock cycles] [us] ctrl<2:0> quency range [clock cycles] [us]
[MSPS] [MSPS]
100 320 - 500 6144 12.3-19.2 100 640 - 1000 12288 12.3-19.2
000 200 - 320 3968 12.4-19.8 000 400 - 640 7936 12.4-19.8
001 130 — 200 2560 12.8-19.7 001 260 - 400 5120 12.8-19.7
010 80 - 130 1680 12.9 - 21 010 160 - 260 3360 12.9-21
o11 60 - 80 1040 13-173 011 120 - 160 2080 13-17.3
other Do not use - - other Do not use - -

jitter_ctrl<7:0> allows the user to set a trade-off between power consumption and clock jitter. If all bits in the register
is set low, the clock signal is stopped. The clock jitter depends on the number of bits set to ‘1’ in the jitter_ctri<7:0>
register. which bits are set high does not affect the result.

Table 13: Clock Jitter Performance

Nun'f.ber of bits to ‘1’ in CIoc!P(rj; :;—:srig:r:;:l:nce Clt:iciI;'j:t;reg(ejr:;?:;\ce Module current consumption

jitter_ctrl<7:0> [fsrms] [fsrms] [mA]
1 130 160 1
2 100 150 2
3 92 136 3
4 85 130 4
5 82 126 5
6 80 124 6
7 77 122 7
8 75 120 8
0 Clock stopped Clock stopped
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LVDS Output Configuration and Control

Name Description Default | D15| D14 | D13 | D12 | D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 (DO | , d"('j‘::ss
Ivds_output_ | Sets the number of .
mode <2:0> LVDS output bits. 12 bit XXX
low_clk_freq Low clock frequency Inactive X
used.
vds Advance LVDS data 0x53
— bits and frame clock | Inactive 0| X
advance
by one clock cycle
Delay LVDS data bits
Ivds_delay and frame clock by | Inactive X 1|0
one clock cycle
Controls the phase
phase_ of the LCLK output 90 X | x ox42
ddr<1:0> . degrees
relative to data.
Binary two's comple- | Straight
btc_mode | ment format for ADC | offset X
output data. binary
— 0x46
Serialized ADC
msb_first output data comes | LSB first X
out with MSB first.

The HMCAD1520 serial LVDS output has four different modes selected by the register lvds_output_mode as defined
in table 14. Power down mode, as described in section ‘Startup Initialization’, must be activated after or during a
change in the number of output bits to ensure correct behavior.

Table 14: Number of Bits in LVYDS Output

Ivds_output_mode <2:0> Number of Bits Comment
000 8 bit 8 bit mode, up to 1 GSPS (See HMCAD1511 datasheet)
001 12 bit Recommended setting for High Speed Modes (Default)
101 14 bit Recommended setting up to 70 MSPS (Precision mode)
oM 16 bit
100 Dual 8 bit Recommended setting above 70 MSPS (Precision mode)
Other Do not use

12-bit LVDS mode is default for all operational modes. If another LVDS mode is to be used, the /vds_output_mode
register setting must be changed accordingly.

When 8-bit LVDS mode is used, the LSBs are truncated and the data output will have 8-bit resolution. See HMCAD1511
and HMCAD1510 for detailed description.

When 14 or 16 bit LVDS output mode is selected the output data will be a 13 bit left justified word filled up with ‘0’s on
the LSB side. The different high speed modes uses the LVDS outputs as defined by table 15.
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Table 15: High Speed Modes and Use of LVDS Outputs

High speed modes/ channels LVDS outputs used

Single channel D1A, D1B, D2A, D2B, D3A, D3B, D4A, D4B
Dual channel, channel 1 D1A, D1B, D2A, D2B

Dual channel, channel 2 D3A, D3B, D4A, D4B

Quad channel, channel 1 D1A, D1B

Quad channel, channel 2 D2A, D2B

Quad channel, channel 3 D3A, D3B

Quad channel, channel 4 D4A, D4B

For the 14-bit precision mode 14, 16 or dual 8-bit LVDS mode should be used. If the default 12-bit LVDS mode is used,
the data output will be truncated to 12 bit. If the 16-bit LVDS mode is used the data output will be a 14-bit left justified
word filled up with ‘00’ on the LSB side. If the dual 8-bit output mode is used the 8 most significant bit of the 14 bit data
word will be available on the LVDS ‘A’ output and the remaining 6 bit will be left justified and filled up with ‘00’ on the
LVDS ‘B’ output, see table 16.

Table 16: Precision Mode and Use of LVDS Outputs

Precision mode LVDS outputs used

Channel 1 - 12, 14, 16-bit output D1A (D1B will be in power down — high Z)
Channel 1 - Dual 8-bit output D1A, D1B

Channel 2 - 12, 14, 16-bit output D2A (D2B will be in power down — high Z)
Channel 2 - Dual 8-bit output D2A, D2B

Channel 3 - 12, 14, 16-bit output D3A (D3B will be in power down — high Z)
Channel 3 - Dual 8-bit output D3A, D3B

Channel 4 - 12, 14, 16-bit output D4A (D4B will be in power down — high Z)
Channel 4 - Dual 8-bit output D4A, D4B

Maximum data output bit-rate for the HMCAD1520 is 1 Gb/s. The maximum sampling rate for the different configura-
tions is given by table 17. The sampling rate is set by the frequency of the input clock (FS). The frame-rate, i.e. the
frequency of the FCLK signal on the LVDS outputs, depends on the selected mode and the sampling frequency (FS)
as defined in table 18.

Table 17: Maximum Sampling Rate vs Number of
Output Bits for Different HMCAD1520 Configurations

Single Channel Dual Channel Quad Channel Quad Channel
Number of bits High Speed High Speed High Speed Precision
[MSPS] [MSPS] [MSPS] [MSPS]
8 1000 500 250
12 660 330 165 82,5
14 560 280 140 70
16 500 250 125 62.5
Dual 8 - - - 125
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Table 18: Output Data Frame Rate

Mode of operation Frame-rate (FCLK frequency)
High speed, single channel Fs/8

High speed, dual channel Fs /4

High speed, quad channel Fg /2

Precision mode Fq

If the HMCAD1520 device is used at a low sampling rate the register bit low_clk_freq has to be set to ‘1. See table 19
for when to use this register bit for the different modes of operation.

Table 19: Use of Register Bit low_clk_freq

Mode of operation Limit when low_clk_freq should be activated
High speed, single channel Fg <240 MHz
High speed, dual channel Fg <120 MHz
High speed, quad channel Fg <60 MHz
Precision mode Fg <30 MHz

To ease timing in the receiver when using multiple HMCAD1520, the device has the option to adjust the timing of the
output data and the frame clock. The propagation delay with respect to the ADC input clock can be moved one LVDS
clock cycle forward or backward, by using lvds_delay and lvds_advance, respectively. See figure 11 for details. Note
that LCLK is not affected by Ivds_delay or Ivds_advance settings.

Input clock :{ Tovos \ / \ { \ /
' -, :

LCLKp 1,
LCLKy !

FCLKp
FCLKy .

Do) R R R R R e e s R RGN NG R0
N2/\ N2\ N2\ N2\ N2 /\ N2 /\ N-2 A N AN
54— —5—»-

default:

Ivds_delay ='1"

A /D CONVERTERS - SMT [,

Ivds_advance = '1":

Figure 11: LVDS output timing adjustment
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The LVDS output interface of HMCAD1520 is a DDR interface. The default setting is with the LCLK rising and falling
edge transitions in the middle of alternate data windows. The phase for LCLK can be programmed relative to the
output frame clock and data bits using phase_ddr<1:0>. The LCLK phase modes are shown in figure 12. The default
timing is identical to setting phase_ddr<1:0>="10".

PHASE_DDR<1:0>='00' (270 deg) PHASE_DDR<1:0>='01' (180 deg)

FCLKp FCLKp
LCLKp —\ ! :
_\__/_\\_/_\\_ LCLKp /_\\_//_\_/ L
PHASE_DDR<1:0>="10' (90 deg) PHASE_DDR<1:0>="11' (0 deg)
FCLKp /i: FCLKp /i:
; — LCLKp \
LCLKp _/_\_//_\_/ \_/_\\_/_\\_/_

Figure 12: Phase programmability modes for LCLK

The default data output format is offset binary. Two’s complement mode can be selected by setting the btc_mode bit
to ‘1’ which inverts the MSB.

The first bit of the frame (following the rising edge of FCLKP) is the LSB of the ADC output for default settings.
Programming the msb_first mode results in reverse bit order, and the MSB is output as the first bit following the FCLKP
rising edge.

LVDS Drive Strength Programmability

Name Description Default ({D15|D14|D13|D12|D11|D10|D9 (D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Ad?::ss
. LVDS current drive
""3:_—0'5"‘ programmability for LOLKP Sfri\':;A x| x|x
' and LCLKN pins.
. LVDS current drive
""d:,‘:_fgime programmability for FCLKP Sfri\rl’;A x| x| x Ox11
’ and FCLKN pins.
ilvds_dat LVDS current drive program- | 3.5 mA x | x| x
<2:0> mability for output data pins. drive

The current delivered by the LVDS output drivers can be configured as shown in table 20. The default current is 3.5mA,
which is what the LVDS standard specifies.

The LVDS interface offers good robustness at the RSDS (Reduced Swing Differential Signaling), given a careful LVDS wire
layout. Using the 1.5mA RSDS will reduce the power consumption significantly compared to default 3.5mA LVDS.

Setting the ilvds_lIclk<2:0> register controls the current drive strength of the LVDS clock output on the LCLKP and LCLKN
pins.

Setting the ilvds_frame<2:0> register controls the current drive strength of the frame clock output on the FCLKP and
FCLKN pins.

Setting the ilvds_dat<2:0> register controls the current drive strength of the data outputs on the D[8:1]P and D[8:1]N pins.
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Table 20: LVDS Output Drive Strength for LCLK, FCLK and Data

ilvds_*<2:0> LVDS Drive Strength
000 3.5 mA (default)
001 25mA
101 1.5 mA (RSDS)
oM 0.5 mA
100 75 mA
101 6.5 mA
110 5.5 mA
11 45mA
LVDS Internal Termination Programmability
Name Description Default D15|D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Ad:(::ss
Enables internal Termination
en_lvds_term | termination for LVDS . X
disabled
buffers.
term_lIclk Programmable Termination
<2'6> termination for LCLKN disabled 1 X | X | X
’ and LCLKP buffers.
0x12
term_frame Programmable Termination
<2—.0> termination for FCLKN disabled 1 X[ X|X
’ and FCLKP buffers.
term_dat P.rogrammable Termination
termination for output . 1 X | X|X
<2:0> disabled
data buffers.

The off-chip load on the LVDS buffers may represent a characteristic impedance that is not perfectly matched with
the PCB traces. This may result in reflections back to the LVDS outputs and loss of signal integrity. This effect can be
mitigated by enabling an internal termination between the positive and negative outputs of each LVDS buffer. Internal
termination mode can be selected by setting the en_Ivds_term bit to ‘1. Once this bit is set, the internal termination
values for the bit clock, frame clock, and data buffers can be independently programmed using sets of three bits. Table
21 shows how the internal termination of the LVDS buffers are programmed. The values are typical values and can
vary by up to +20% from device to device and across temperature.

Table 21: LVDS Output Internal
Termination for LCLK, FCLK and Data

A /D CONVERTERS - SMT [,

term_*<2:0> LVDS Internal Termination

000 Termination disabled
001 2600

010 150Q

oM 940

100 125Q

101 80Q

110 66Q

111 550
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Power Mode Control

Name Description Default D15/D14|D13|D12|D11|D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 (D2 | D1|DO | , d';‘::ss
sleep4 ch Channel-specific
<f_1; sleep mode for a Inactive X[ X | XX
) Quad Channel setup.
sleep? ch Channel-specific
<2p.1; sleep mode for a Inactive X | X
’ Dual Channel setup.
Channel-specific
sleep mode for a .
sleep1_ch1 Single Channel Inactive X o0
setup. X
sleep Go to sleep-mode. Inactive X
pd Go to power-down. Inactive X
) ) PD pin configured
pd_pin_cfg | Configures the PD )
<1:0> pin function. for p?nv;edredown R
Ivds_pd_ | Controls LVDS power High z-mode X 0x52
mode down mode 9

The HMCAD1520 device has several modes for power management, from sleep modes with short start up time to
full power down with extremely low power dissipation. There are two sleep modes, both with the LVDS clocks (FCLK,
LCLK) running, such that the synchronization with the receiver is maintained. The first is a light sleep mode (sleep*_
ch) with short start up time, and the second a deep sleep mode (sleep) with the same start up time as full power down.

Setting sleep4_ch<n> = ‘1’ sets channel <n> in a Quad Channel setup in sleep mode, setting sleep2_ch<n> = ‘1’ sets
channel <n> in a Dual Channel setup in sleep mode and at last setting sleep1_ch1 = ‘1’ sets the ADC channel in a
Single Channel setup in sleep mode. This is a light sleep mode with short start up time.

Setting sleep = ‘1’, puts all channels to sleep, but keeps FCLK and LCLK running to maintain LVDS synchronization.
The start up time is the same as for complete power down. Power consumption is significantly lower than for setting
all channels to sleep by using the sleep*_Channel register.

Setting pd = ‘1’ completely powers down the chip, including the band-gap reference circuit. Start-up time from this
mode is significantly longer than from the sleep*_Channel mode. The synchronization with the LVDS receiver is lost
since LCLK and FCLK outputs are put in high-Z mode.

Setting pdn_pin_cfg<1:0> = ‘x1’ configures the circuit to enter sleep channel mode (all channels off) when the PD pin
is set high. This is equal to setting all channels to sleep by using sleep*_ch. The channels can not be powered down
separately using the PD pin. Setting pdn_pin_cfg<1:0> = ‘10’ configures the circuit to enter (deep) sleep mode when
the PD pin is set high (equal to setting sleep="1’). When pdn_pin_cfg <1:0>= ‘00’, which is the default, the circuit enters
the power down mode when the PD pin is set high.

The Ivds_pd_mode register configures whether the LVDS data output drivers are powered down or kept alive in sleep
and sleep channel modes. LCLK and FCLK drivers are not affected by this register, and are always on in sleep and
sleep channel modes. If lvds_pd_mode is set low (default), the LVDS output is put in high Z mode, and the driver is
completely powered down. If Ivds_pd_mode is set high, the LVDS output is set to constant 0, and the driver is still on
during sleep and sleep channel modes.
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Programmable Gain

Name Description Default | D15 | D14 |D13 (D12 | D11 |D10 (D9 |D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Adz::ss
coarse_gain | Configures the coarse | x-gain X
_cfg gain setting enabled
0x33
fine_gain_en [Enable use of fine gain.| Disabled X
caaind chi Programmable coarse
g<3.0_> gain channel 1in a 1x gain X| X | X|X
) Quad Channel setup.
) Programmable coarse
cga<|gf10_>ch2 gain channel 2 in a 1x gain X| X | X|X
) Quad Channel setup.
0x2A
caaind ch3 Programmable coarse
g <3:0> gain channel 3 in a 1x gain X X | X|X
) Quad Channel setup.
cqaind cha Programmable coarse
g <3:0> gain channel 4 in a 1xgain | X X X X
) Quad Channel setup.
cqain? chi Programmable coarse
g <3:0> gain channel 1 in a Dual| 1x gain X| X | X|X
) Channel setup.
cqain? ch2 Programmable coarse
g <3:0> gain channel 2 in a Dual| 1x gain X| X | X|X 0x2B
) Channel setup.
coaind chi Programmable coarse
9 <3:0> gain channel 1ina 1x gain X X | X | X
) Single Channel setup.
fgain_ Programmable fine 1x/0dB
branch1<6:0> gain for branch1. gain XX XXX X)X
0x34
fgain_ Programmable fine 1x/0dB
branch2<6:0> gain for branch 2. gain X X X X Xpx|x
fgain_ Programmable fine | 1x/0dB
branch3<6:0> gain for branch 3. gain XX XXX XX
0x35
fgain_ Programmable fine | 1x/0dB
branch4<6:0> gain for branch 4. gain X X X X X x| x
fgain_ Programmabile fine 1x/0dB
branch5<6:0> gain for branch 5. gain XX XXX XX
0x36
fgain_ Programmable fine 1x/0dB
branch6<6:0> gain for branch 6. gain X X X X X x| x
fgain_ Programmable fine | 1x/0dB
branch7<6:0> gain for branch 7. gain XX XXX XX
0x37
fgain_ Programmable fine 1x/0dB
branch8<6:0> gain for branch 8. gain X X X X X x| x

The device includes a digital programmable gain in addition to the Full-scale control. The programmable gain of each
channel can be individually set using a four bit code, indicated as cgain*<3:0>. The gain is configured by the register
cgain_cfg, when cgain_cfg equals ‘0’ a gain in dB steps is enabled as defined in table 22 otherwise if cgain_cfg equals

‘1’ the gain is defined by table 23.
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Table 22: Gain Setting — dB step

cgain_cfg cgain*<3:0> Implemented gain [dB]

0 0000 0

0 0001 1

0 0010 2

0 0011 3

0 0100 4

0 0101 5

0 0110 6

0 0111 7

0 1000 8

0 1001 9

0 1010 10
O 0 1011 1

0 1100 12

0 1101 Not used
I_ 0 1110 Not used
2 0 1111 Not used
(0p)

1 Table 23: Gain Setting — x step

U) cgain_cfg cgain*<3:0> Implemented gain factor [x]
m 1 0000 1
LIJ 1 0001 1.25
= 1 0010 2
m 1 0011 25
g 1 0100 4
Z 1 0101
O 1 0110 8
O 1 0111 10

1 1000 12,5
D 1 1001 16
=~ 1 1010 20
<E 1 101 25

1 1100 32

1 1101 50

1 1110 Not used

1 111 Not used

There is a digital fine gain implemented for each ADC branch to adjust the fine gain errors between the branches.
The gain is controlled by fgain_branch* as defined in table 24. For the high speed interleaved modes, there will be no
missing codes when using digital fine gain, due to higher resolution internally (1 bit).

To enable the fine gain function the register bit fine_gain_en has to be activated, set to ‘1’.
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Table 24: Fine Gain Setting
fgain_branchx<6:0> Arithmetic Function Implemented Gain (x) Gain (dB)
0 1 1 1 1 1 1 OUT =(1+28+29+2-104 214 2124 21 * N 1.0077 0.0665
0 1 1 1 1 1 0 OUT =(1+28+29+2104 214212 %N 1.0076 0.0655
0 1 1 1 1 0 1 OUT =(1+28+29+2104 214 21) N 1.0074 0.0644
0 1 1 1 1 0 0 OUT =(1+28+2°+2104+2M)*IN 1.0073 0.0634
0 0 0 0 0 1 1 OUT=(1+2"2+21)*IN 1.0004 0.0031
0 0 0 0 0 1 0 OouUT=(1+2%)*IN 1.0002 0.0021
0 0 0 0 0 0 1 OoUT=(1+2%)*IN 1.0001 0.0010
0 0 0 0 0 0 0 OUT =IN 1.0000 0.0000
1 1 1 1 1 1 1 OUT =IN 1.0000 0.0000
1 1 1 1 1 1 0 OUT=(1-2%)*IN 0.9999 -0.0011
1 1 1 1 1 0 1 OUT=(1-2")*IN 0.9998 -0.0021
1 1 1 1 1 0 0 OUT=(1-212-2%)*IN 0.9996 -0.0032
1 0 0 0 0 1 1 OUT = (1-28-29-210.271)* N 0.9927 -0.0639
1 0 0 0 0 1 0 OUT = (1-28-29-210.21.213) * N 0.9926 -0.0649
1 0 0 0 0 0 1 OUT = (1-28-29-210.21.212) * N 0.9924 -0.0660
1 0 0 0 0 0 0 OUT = (1-28-29-210.21.212_213) *|N 0.9923 -0.0670
Analog Input Invert
Name Description Default D15 (D14 |D13|D12| D11 (D10 |D9|D8 | D7 |D6 |D5 | D4 |D3 | D2 |D1| D0 Ad|;er:ss
. Channel specific swapping of ) -
|nv<e£411;ch the analog input signal for a IPx |isnpﬁf|t|ve X|X|X|X
’ Quad Channel setup. P
! Channel specific swapping of ) "
|nv<ezrf;ch the analog input signal for a IPx 'fnpﬁf'tlve X | X 0x24
’ Dual Channel setup. P
Channel specific swapping of . -
invert1_ch1| the analog input signal for a IPx 'isnpﬁtsmve X
Single Channel setup. P

The IPx pin represents the positive analog input pin, and INx represents the negative (complementary) input. Setting
the bits marked invertx_ch<n:1> (individual control for each channel) causes the inputs to be swapped. INx would then

represent the positive input, and IPx the negative input.
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LVDS Test Patterns

Name Description Default (D15|D14(D13|D12|D11|D10|D9 (D8 |D7 (D6 | D5 (D4 |D3 (D2 |D1 | DO Ad?::ss
en_ramp Enables a repeating full-scale ramp Inactive xlolo
pattern on the outputs.
dual_ Enable the mode wherein the output .
custom_pat | toggles between two defined codes. Inactive oyxio 0x25
single_ Enables the mode wherein the Inactive ololx

custom_pat | output is a constant specified code.

Bits for the single custom pattern
and for the first code of the dual 0x0000 | X [ X | X [ X | X | X [X|X[X|X[X]|X[X]|X|X]X 0x26
custom pattern. <0> is the LSB.

bits_custom1
<15:0>

bits_custom2 Bits for the second code of the 0x0000 | X | X I x| xIx!xIxIxIxIxIxlIxl|x|x!|xlx 0x27

<15:0> dual custom pattern.
pat_deskew Enable deskew pattern mode. Inactive 0| X
0x45
pat_sync Enable sync pattern mode. Inactive X 1|0

To ease the LVDS synchronization setup of HMCAD1520, several test patterns can be set up on the outputs. Normal
ADC data are replaced by the test pattern in these modes. Setting en_ramp to ‘1’ sets up a repeating full-scale ramp
pattern on all data outputs. The ramp starts at code zero and is increased 1LSB every clock cycle. It returns to zero
code and starts the ramp again after reaching the full-scale code.

A constant value can be set up on the outputs by setting single_custom_pat to ‘1’, and programming the desired value
in bits_customi<15:0>. In this mode, bits_custom1<15:0> replaces the ADC data at the output, and is controlled by
LSB-first and MSB-first modes in the same way as normal ADC data are.

The device may also be set up to alternate between two codes by programming dual_custom_pat to ‘1. The two
codes are the contents of bits_custom1<15:0> and bits_custom2<15:0>.

Since bit_custom®<15:0> is a 16 bit word there will be a truncation at the LSB side when using less than 16 bits in the
LVDS output word. If 12-bit output is selected bit <15:4> will be used, if 14-bit output is used bit <15:2> will be used and
if dual 8-bit is selected bit<15:8> will be put on the LVDS ‘A’ output and bit <7:0> will be put on the LVDS ‘B’ output.

Two preset patterns can also be selected:

1. Deskew pattern: Set using pat_deskew, this mode replaces the ADC output with a pattern consisting of alter-
nating zeros and ones - MSB will be a zero. For a 12-bit output the pattern will be: ‘010101010101’

2. Sync pattern: Set using pat_sync, the normal ADC word is in this mode replaced by a fixed synchronization
pattern where the output word is split in two and the upper part of the word is ones and the lower part is zeros.
For a 12-bit output the pattern will be: “111111000000’.

Note: Only one of the above patterns should be selected at the same time.
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Theory of Operation

HMCAD1520 is a Multi-Mode high-speed, CMOS
ADC, consisting of 8 ADC branches, configured in
different channel modes, using interleaving to achieve
high speed sampling. For all practical purposes, the
device can be considered to contain 4 ADCs. Fine gain
is adjusted for each of the eight branches separately.

HMCAD1520 utilizes a LVDS output, described in
‘Register Description, LVDS Output Configuration and
Control. The clocks needed (FCLK, LCLK) for the
LVDS interface are generated by an internal PLL.

The HMCAD1520 operate from one clock input, which
can be differential or single ended. The sampling
clocks for each of the four channels are generated
from the clock input using a carefully matched clock
buffer tree. Internal clock dividers are utilized to control
the clock for each ADC during interleaving. The clock
tree is controlled by the Mode of operations.

HMCAD1520 uses internally generated references.
The differential reference value is 1V. This results in
a differential input of -1V to correspond to the zero
code of the ADC, and a differential input of +1V to
correspond to the maximum code.

The ADC employs a Pipeline converter architecture.
each Pipeline Stage feeds its output data into the
digital error correction logic, ensuring excellent
differential linearity and no missing codes.

HMCAD1520 operates from two sets of supplies
and grounds. The analog supply and ground set is
identified as AVDD and AVSS, while the digital set is
identified by DVDD and DVSS.

Interleaving Effects and Sampling Order

Interleaving ADCs will generate interleaving artifacts
caused by gain, offset and timing mismatch between
the ADC branches. The design of HMCAD1520 has
been optimized to minimize these effects. It is not
possible, though, to eliminate mismatch, such that
additional compensation may be needed. The internal
digital fine gain control may be used to compensate
for gain errors between the ADC branches. Due to
the optimization of HMCAD1520 there is not a one-
to-one correspondence between the sampling order,
LVDS output order and the branch number. Tables
25, 26 and 27 give an overview of the corresponding
branches, LVDS outputs and sampling order for the
different high speed modes.

HIGH SPEED MULTI-MODE 8/12/14-BIT
1000/640/105 MSPS A/D CONVERTER

Table 25: Quad Channel Mode

Channel # <] LVDS output Fine gain
order branch
1 D1A 1
1
2 D1B 2
1 D2A 3
2
2 D2B 4
1 D3A 5
3
2 D3B 6
1 D4A 7
4
2 D4B 8
Table 26: Dual Channel Mode
Channel # <IN LVDS output ADEE
order branch
1 D1A 1
2 D1B 3
1
3 D2A 2
4 D2B 4
1 D3A 5
2 D3B 7
2
3 D4A 6
4 D4B 8
Table 27: Single Channel Mode
Channel # Sampling LVDS output A e
order branch
1 D1A 1
2 D1B 6
3 D2A 2
4 D2B 5
1
5 D3A 8
6 D3B 3
7 D4A 7
8 D4B 4

Precision Mode

In precision mode the resolution of each ADC channel
is increased from 12 bits to 14 bits. In order to get the
additional performance, the LVDS outputs have to be
set up in 14, 16 or dual 8-bit configuration.

When digital fine gain (registers 34-37hex) is used in
precision mode, the mapping between ADC channel
and ADC branch in table 28 should be used.
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Table 28: Overview of Fine
Gain Usage in Precision Mode

Channel # LVDS output Fine gain branch
1 D1A, (D1B) 1
2 D2A, (D2B) 3
3 D3A, (D3B) 5
4 D4A, (D4B) 7
Analog Input

The analog inputto HMCAD1520 is a switched capacitor
track-and-hold amplifier optimized for differential
operation. Operation at common mode voltages at mid
supply is recommended even if performance will be
good for the ranges specified. The VCM pin provides
a voltage suitable as common mode voltage reference.
The internal buffer for the VCM voltage can be
switched off, and driving capabilities can be changed
programming the ext_vem_bc<1:0> register.

track

1
IPx o Fold
track
track
track —_—
INx o

hold
Figure 13: Input configuration

Figure 13 shows a simplified drawing of the input
network. The signal source must have sufficiently low
output impedance to charge the sampling capacitors
within one clock cycle. A small external resistor (e.g.
22 ohm) in series with each input is recommended as it
helps reducing transient currents and dampens ringing
behavior. A small differential shunt capacitor at the chip
side of the resistors may be used to provide dynamic
charging currents and may improve performance. The
resistors form a low pass filter with the capacitor, and
values must therefore be determined by requirements
for the application.

DC-Coupling

Figure 14 shows a recommended configuration for
DC-coupling. Note that the common mode input
voltage must be controlled according to specified
values. Preferably, the CM_EXT output should be
used as reference to set the common mode voltage.

HIGH SPEED MULTI-MODE 8/12/14-BIT
1000/640/105 MSPS A/D CONVERTER

CM_EXT

Input 1t IPx
43Q
Input
Amplifier 33 pF =—=

43Q

{1} INX

T

Figure 14: DC coupled input

The input amplifier could be inside a companion chip
or it could be a dedicated amplifier. Several suitable
single ended to differential driver amplifiers exist in the
market. The system designer should make sure the
specifications of the selected amplifier is adequate for
the total system, and that driving capabilities comply
with HMCAD1520 input specifications.

Detailed configuration and usage instructions must be
found in the documentation of the selected driver, and
the values given in figure 14 must be varied according
to the recommendations for the driver.

AC-Coupling
CM_EXT

{1 IPx

Input 33Q

05
47Q

330
{1 INx

IH|

Figure 15: Transformer coupled input

A signal transformer or series capacitors can be
used to make an AC-coupled input network. Figure
15 shows a recommended configuration using a
transformer. Make sure that a transformer with
sufficient linearity is selected, and that the bandwidth
of the transformer is appropriate. The bandwidth
should exceed the sampling rate of the ADC with at
least a factor of 10. It is also important to minimize
phase mismatch between the differential ADC inputs
for good HD2 performance. This type of transformer
coupled input is the preferred configuration for high
frequency signals as most differential amplifiers do
not have adequate performance at high frequencies.
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Magnetic coupling between the transformers and PCB
traces may impact channel crosstalk, and must hence
be taken into account during PCB layout.

If the input signal is traveling a long physical distance
from the signal source to the transformer (for example
a long cable), kick-backs from the ADC will also
travel along this distance. If these kick-backs are
not terminated properly at the source side, they are
reflected and will add to the input signal at the ADC
input. This could reduce the ADC performance. To
avoid this effect, the source must effectively terminate
the ADC kick-backs, or the traveling distance should
be very short.

CM_EXT

22Q
INPxO—i ’—': IPx
G

Rem

Rem 22 pF

C
INNxO—i '—D INx
22Q —1

Figure 16: AC coupled input

Figure 16 shows AC-coupling using capacitors.
Resistors from the CM_EXT output, RCM, should be
used to bias the differential input signals to the correct
voltage. The series capacitor, Cl, form the high-
pass pole with these resistors, and the values must
therefore be determined based on the requirement to
the high-pass cut-off frequency.

Note that Start Up Time from Sleep Mode and Power
Down Mode will be affected by this filter as the time
required to charge the series capacitors is dependent
on the filter cut-off frequency.

Clock Input and Jitter Considerations

Typically high-speed ADCs use both clock edges to
generate internal timing signals. In HMCAD1520 only
the rising edge of the clock is used. Hence, input clock
duty cycles between 30% and 70% are acceptable.

The input clock can be supplied in a variety of formats.
The clock pins are AC-coupled internally, hence a wide
common mode voltage range is accepted. Differential
clock sources such as LVDS, LVPECL or differential
sine wave can be utilized. LVDS/LVPECL clock signals
must be appropriately terminated as close as possible

HIGH SPEED MULTI-MODE 8/12/14-BIT
1000/640/105 MSPS A/D CONVERTER

to the ADC clock input pins. For CMOS inputs, the
CLKN pin should be connected to ground, and the
CMOS clock signal should be connected to CLKP.
CMOS inputs are not recommended above 200MHz.
For differential sine wave clock input the amplitude
must be at least +/- 0.8 Vpp. No additional configuration
is needed to set up the clock source format.

The quality of the input clock is extremely important for
high-speed, high-resolution ADCs. The contribution to
SNR from clock jitter with a full scale signal at a given
frequency is shown in equation 1.

SNR .., =20-log(2-Tt- f -€,) ()

Jitter
where f is the signal frequency, and et is the total
rms jitter measured in seconds. The rms jitter is the
total of all jitter sources including the clock generation
circuitry, clock distribution and internal ADC circuitry.

For applications where jitter may limit the obtainable
performance, itis of utmostimportance to limitthe clock
jitter. This can be obtained by using precise and stable
clock references (e.g. crystal oscillators with good jitter
specifications) and make sure the clock distribution
is well controlled. It might be advantageous to use
analog power and ground planes to ensure low noise
on the supplies to all circuitry in the clock distribution.
It is of utmost importance to avoid crosstalk between
the ADC output bits and the clock and between the
analog input signal and the clock since such crosstalk
often results in harmonic distortion.

The jitter performance is improved with reduced rise
and fall times of the input clock. Hence, optimum jitter
performance is obtained with LVDS or LVPECL clock
with fast edges. CMOS and sine wave clock inputs will
result in slightly degraded jitter performance.

If the clock is generated by other circuitry, it should
be re-timed with a low jitter master clock as the last
operation before it is applied to the ADC clock input.
LVDS output frequencies

The relationship between LVDS bitrate and sampling
frequency is:

LVDSbitrate = FS/Nb * N_Ivds

Where:

FS is the sampling frequency.

N_Ivds is number of output bits on the LVDS interface.
Nb is given by:
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Single channel mode: 8

Dual channel mode: 4

Quad channel mode: 2

If the input clock divider is used FS is given by:
FS = F_clk / clock divide factor

The LCLK frequency is given by:

F_Iclk = LVDSBitrate/2

Application Usage Example

This section gives an overview on how HMCAD1520
can be used in an application utilizing all active modes
with a single clock source. The example assumes
that a low jitter 500MHz clock source is applied. A
differential clock should be used, and can be generated
from a single ended low jitter crystal oscillator, using a
transformer or balun in conjunction with ac-coupling to
convert from single ended to differential signal.

Since the resolution is 12 bits in the high speed modes
and 14 bits in precision mode, it will be an advantage to
set the LVDS outputs to 14 or 16 bits to avoid changing
the LVDS interface when going from one of the high
speed modes to precision mode or vice versa. The
extra bits added in the LSB position of the transferred
word can simply be removed in the receiver. In this
example 14 bit LVDS is chosen.

Start-up Initialization
The start-up sequence will be as follows:

* Apply power

* Apply reset (RESETN low, then high, or SPI com-
mand 0x00 0x0001)

* Set power down (PD pin high or SPI command
0xO0F 0x0200)

* Set 14bit LVDS output mode (SPI command 0x53
0x0002)

» Set LVDS bit clock phase (phase_ddr, register
0x42)) if other than default must be used (depends
on the receiver).

* Select operating mode, for instance dual channel
high speed mode, and clock divider factor (SPI
command 0x31 0x0102).

* Set active mode (PD pin low or SPI command 0x0F
0x0000)

¢ Select analog inputs, for instance input 1 on chan-
nel 1 and input 3 on channel 2 (SPI commands
0x3A 0202 and 0x3B 0808)

HIGH SPEED MULTI-MODE 8/12/14-BIT
1000/640/105 MSPS A/D CONVERTER

Change Mode

When changing operational mode, power down must
be activated due to internal synchronization routines.
A typical mode change will then be like this:

* Set power down (PD pin high or SPI command
0xOF 0x0200)

* Change mode to for example Single channel mode
(SPI command 0x31 0x0001)

¢ Set active mode (PD pin low or SPI command 0x0F
0x0000)

¢ Select analog inputs, for instance Input 1 (SPI
commands 0x3A 0202 and 0x3B 0202)

Table 29 gives an overview of the operational modes
in this example and the SPI commands to apply for
each mode.

Table 29: Overview of Operating
Modes and Setup Conditions

Operating Saneline Clock divider S commanr._i &
. speed e mode selection
[MSPS] and clock divider
Single channel 500 1 0x31 0x0001
Dual channel 250 2 0x31 0x0102
Quad channel 125 4 0x31 0x0204
Quad channel 62.5 8 0x31 0x0308
Precision

Select Analog Input

When an operational mode is selected, the analog
inputs can be changed ‘on-the-fly’. To change analog
input one merely have to apply the dedicated SPI
commands. The change will occur instantaneously at
the end of each SPI command.

Table 30: Example of Some
Analog Input Selections

Operating mode S |f|put SPI commands
selection

Single channel IP4/IN4 0x3A 1010, 0x3B 1010
Ch1:1P2/IN2

Dual channel Ch2: IP3/IN3 0x3A 0404, 0x3B 0808
Ch1: IP4/IN4
Ch2: IP3/IN3

Quad channel Ch3: IP2/IN2 0x3A 1008, 0x3B 0402
Ch4:IP1/IN1
Ch1:1P1/IN1
Quad channel Ch2: IP2/IN2

Precision Ch3:1P3/INg | OX3A 0204, 0x3B 0810
Ch4: IP4/IN4
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Outline Drawing
Pin 1 ID
R0.30 D
Pin 1 ID D2
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Table 28: 7x7 mm QFN 48 Pin (LP7) Dimensions L
Millimeter Inch >
Symbol Min Typ Max Min Typ Max Z
A 0.8 0.9 1 0.031 0.035 0.039 O
Al 0 0.02 0.05 0 0.0008 0.002 O
A2 0.2 0.008
b 0.18 0.25 0.3 0.007 0.01 0.012 e
D 7.00 bsc 0.276 bsc
D2 5.15 5.3 5.4 0.203 0.209 0.213 <
L 0.3 0.4 0.5 0.012 0.016 0.02
0.50 bsc 0.020 bsc
0.2 0.008
Package Information
Part Number Package Body Material Lead Finish MsSL[1] Package Marking [2]
HMCAD1520 RoHS-compliant Low Stress Injection Molded Plastic 100% matte Sn Level 2A HQB;(SXZO

[1] MSL, Peak Temp: The moisture sensitivity level rating classified according to the JEDEC industry standard and to peak solder temperature.

[2] Proprietary marking XXXX, 4-Digit lot number XXXX
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