%%%Irﬁkl

Analog Engineer's Circuit

R [EHHI B DAC {93 /% BRI 77 5

i3 TEXAS INSTRUMENTS

Smart DAC Katlynne Jones
wit B
EERASH FERHES TR
SPI 5§ 12C j@ 15 OV % 1.2V #ifil DAC #ii , 3.3V £10% DAC53204. DACB3204. DAC43204.
SMPS #ith DAC53004

BA5 : 5 SMPS it #E £ £10% Fri (E #7458 H /%

it B

2% B A P DU 580 2% v e IR B L DAC AT SRR YR (SMPS) $R AL B AR R . RS B 1 T B Bk 1B 8. Y
ol YR AL e s s . IR PR AR S 2% (LDO). B/ B #E e ge ok SMPS &5 ml i 45 i YRR 4L T [t (FB) %
A, H T B35 ff . DAC53204 55 DAC53004 %54# % & it DAC 1] 7E DAC Mt re Hfar i O b H S Bl 5k
B H 5 2R A . 24 DAC CLE RS AL T AU, K24k DAC 278 Fa R far HE i ids i — N 30
b PHAS . hAh , K28 DAC SEAWr ey |, an S b g S B AL, g 51 Y ESD Bt et S
W, R R PR Wtk . 24 DAC W7 Bl H T 4b 1 W e R U, DAC53204 55 DAC53004 214t 5
BHHT (Hi-Z) i, X &k DAC JEid SMPS (1] FB 51 BIVEAEIE & /MW sy , B W B s R .
DAC53204 5 DAC53004 5 —/™il Fil%i N\ (GPI) 51, SE51EImT {5 DAC i Hi 7E = e R i He e 22 T8] )
o IXFER]AEAR RS HUE A £10% JaE )4 SMPS. A {# ] DAC53204 # DAC53004 )3F 5 2 1 A7 it 2%
(NVM) (RAFFTE A7 4 I B, X ERAE AT DA AR A A 28 4 , BI(ETE T B S o2 antk . i s RgnT A Tl
fE A MRS WRTI E DA R 38 H PRS2 N A

VDD vDD . 100nF 1.5pF

% ﬁh !

16 VREF |15VDD 13 CAP

VDD

Internal

Reference)
SMPS /LDO

0]
z
o

8 SDA/SCLK

7 AO/SDI

FB *
Ve Rs 1 12]
= = . 3| £ | pac || pac
el | REG [| BUF

4
5 GPIO/SDO HIGH
2 ol | DAC | | DAC LowW
l 1 1 REG

BUF

Output Configuration
Logic
14 AGND

\W—
\W—H

6 SCL/SYNC

Digital Interface

ZHCADZ3A - JUNE 2021 - REVISED APRIL 2024 FLATHLIE i 755 DAC [9H /#5282 R 75 11 4 1
FERRIR
English Document: SLAAE22
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/applications/communications-equipment/overview.html
https://www.ti.com/applications/communications-equipment/overview.html
https://www.ti.com/applications/enterprise-systems/overview.html
https://www.ti.com/applications/industrial/test-measurement/overview.html
https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCADZ3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCADZ3A&partnum=DAC63204
https://www.ti.com/lit/pdf/SLAAE22

13 TEXAS
INSTRUMENTS
it www.ti.com.cn

BT A

1. DACx3204 A4 Ez)#07H 12C, PMBus™ ¢ SPI 171712 17, 10 {771 8 17 VY24 H [ il i iy 1 47 G
DAC ¥#E3R 31 : K 100nF LA 22T VDD 51 , K 1.5uF B0 = 1) 55 2% L 28 8% F T CAP 5 i,
CAP 5| i 2 N H LDO, K ix de l 23 g8 SE i a1 5| Bk E .

2. DAC53204 A =ANFEHEik I
a. 1.7V & Vpp KISNEBIEAE | At n 228 0-10 VREF 51, {8 A SE vt | 546 VREF 51 A1 AGND 5]

B2 TR ZEdE— AN 100nF FLZR 88 . ANVl R AN SEERS | 5 A — A d P88 EH 3] Vppe

b. ¥ 1.21V i | B x1.5. x2, x3 fl x4 HEI5EIT.
C. VDD ﬂﬂa’r’ﬁ%yﬁo

3. SMPS (bR L Al B Ry A1 Ry W& . SMPS 7E FB 5| i 8 FH P4 5 600mV 3 v e 1 SR m 2 fa v e
o AL FARTH Ry FI R, :

Ry — VNOMINAL ~ VFB
INOMINAL

R, = R1 X Vg
2~ VNOMINAL — VFB
fEET g1 A1 Ry ) 100pA FRFR A 3.3V Frfréi it k. ANl , AN -

_ 33V—-0.6V _
Ry = 255 = 27k

_ 27kQ X 0.6V _
R2 = 337 =0.6v = 6k

4. NTEBFIFREE , DAC53204 MUEId Ry EANBIRMA/MI BT WHIR (Iwargin) ATEE LT AT
"o

_ {VNOMINAL % (1 + MARGIN) — Vgp
IMARGIN = Ry — INoMINAL

XHF £10% M, A AN -

IMARGIN = (3'3V . (1;7%0) — 0'6V) —100pA = 12pA
5. DAC53204 [t s Ef i sh it rH Ry ety mint. rIEH LA N AXITHHE R; ¢
R+ — VDAC ~ VFB
3~ "TMARGIN

fifi € DAC firHi B R BRI, NiBE G DAC ARSI B AR A AR |, B FiX Se AT H I 2 AR A 2 7R
2. DL T 1.21V 34k |, B93508 1.5, iEAE RN 1.82V. DAC53204 (1 KEARM R ZE N
15mV , ] P22 A ik $ 20mV 15/ o Iuarein AR IEHI |, AIAE Vpac > Veg B EH DAC 24t
IMARGIN BEAR AR , ATFE Vpac < Vg I HI DAC53204 #E N . @it L R AR HE AT Ry N 48.3kQ -

Ry = 20020V — 483k
BRETHA A

Vpac,Max = (R3 X ImargIN) + ViB

VDAC, MAX = (48.3kQ x 12pA) + 0.6V = 1.18V

2 HAHIESR H R FE DAC HYH [ 7518 1R 77 5% ZHCADZ3A - JUNE 2021 - REVISED APRIL 2024
FER IR 1

English Document: SLAAE22
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com/lit/pdf/slasex3
https://www.ti.com/lit/pdf/slasex3
https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCADZ3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCADZ3A&partnum=DAC63204
https://www.ti.com/lit/pdf/SLAAE22

13 TEXAS
INSTRUMENTS
www.ti.com.cn &l

6. Voacmax 1 Vpacmin 17 DAC 1Rfi5 2% 7E DAC-MARGIN-HIGH #1 DAC-MARGIN-LOW #7781, LA F
AT AT 2 12 213X 2 2 A7 4 1) AR

VDAC, MAX

DAC_MARGIN_HIGH = 2SS x 1024
_ VpAC,MIN
DAC_MARGIN_LOW = - 2fS e x 1024
NN
DAC_MARGIN_HIGH = —+18V__ « 1024 = 665.7d
- - 1.21V x 1.5 '
DAC_MARGIN_LOW = —22MV__ 1024 = 11.2d
- - 1.21V x 1.5 :

XHAMEDY A N 666d AT 11d , Vpacmax N 1.18V , Vpacmin M 19.5mV.

7. {HREA x1.5 351 1.21V M 10 72 DAC53204 , FAMUIG 2 8] 1) LSB K/hNaiE K K%N 1.8mV. 1§
FHEUIC I HE#E R RTi/ LSB R/, MTTTHE 1 Vpac,max A1 Vpac min 73 5.

8. fEUbBit , GPI Al T mM&ME DA, GPI Lm0 DAC #iith B N Vpacmwax » ¥ SMPS Voyr #
BEONRHE 2.97V. GPI _ERMIRH 20K DAC fi i &N Voacmin » 4 SMPS Voyr BB N 3.63V.

9. {fifH 12C ok SPI , MR a7 17 8% 1 E B4 Bk IR 4G 27 17 25 W B Xt DAC53204 BHTHFE. APE VMG A7 o8 W B
RAEE NVM |, 77525 1 5 N COMMON-TRIGGER % 725 1) NVM-PROG FE. X} NVM #1T4mfe)5 |, 2%
PR AE B B B H B2 S INECEA NVM BT (e BT S A7 4%

ZHCADZ3A - JUNE 2021 - REVISED APRIL 2024 FLATHLIE i 755 DAC [9H /#5282 R 75 11 4 3
FERRIR
English Document: SLAAE22
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCADZ3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCADZ3A&partnum=DAC63204
https://www.ti.com/lit/pdf/SLAAE22

13 TEXAS

INSTRUMENTS
Wil i E www.ti.com.cn
» A) A
"I B
ZEHEE AT~ DAC53204 fi & .
VDD VDD , 100nF —11.5pF
wa 1L [FL
16 VREF |15 VDD 13 CAP
VI:‘)D
L : -
IN sw VOUT | Mpac_ouT
SMPS / LDO TCL Ry J
11
FB AN\ o
GND Vs Rs L12] N 8 SDA/SCLK
L Re T 19 é 7 A0/SDI
- 9 E L1
= = = 3 | S 3 6 SCL/SYNC
| REG [] BUF =)
I EB2 8 scPio/spo  MIGH
) DAC | [ DAC Low
C i
Output Configuration
Logic

[ 14acND

ST RER

(EE R T SMPS #itl (Vour) bl DAC53204 #itti (DAC_OUT) ZE{Lifi A (L4 H. 4 DAC_OUT 9 Vpac max
I, SMPS Vour MK 2.97V. 4 DAC_OUT A Vpacwin I, SMPS Vour THE #E 3.63V.

1.5V

1.0V
0.5V
ov
V (DAC_OUT)
600mV (
SEL>>
oV
« V(FB)
4.0V
3. 0v4 L |
2.0V
1.0V
ov ; ; ; ; ; ; ; ; ; ; ; ;
Os 0.1lms 0.3ms 0.5ms 0.7ms 0.9ms 1.1lms 1.3ms 1.5ms 1.7ms 1.9ms 2.1lms 2.3ms 2.5ms
V (VOUT)
Time
4 HLFHE R FE DAC HYHL I 45 2 IR 7 H ZHCADZ3A - JUNE 2021 - REVISED APRIL 2024

eI R
English Document: SLAAE22
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCADZ3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCADZ3A&partnum=DAC63204
https://www.ti.com/lit/pdf/SLAAE22

13 TEXAS
INSTRUMENTS
www.ti.com.cn FIEIRE

FirawE

DAC53204 HEMERFHFREE
M FHEBLIK BE L
Ox1F COMMON-CONFIG 0x1249 [15] 0bO : E N Ob1 , #4 & [ Eb i g4 e B VB A7 46

[14]0b0 : B A Ob1 , HEEefF. ¥ 000101 5 A COMMON-
TRIGGER %1744 (1) DEV-UNLOCK B , LLHE4Tfitét

[13] 0b0 : BN Ob1 , 7 bt OxO1 Ab i B wig e e it 35 HU Ak g
[12] Ob1 - J& FH Py s 3o

[11:10] Ob0O : # VOUT3 LH

[9] Ob1 : ¥ IOUTS I He

[8:710b0O0 : ¥ VOUT2 I-H

[6] Ob1 : ¥ IOUT2 I He

[5:4] 0b0O : ¥ VOUT1 ks

[3] 0b1 : ¥ IOUTA e

[2:1]10b00 : # VOUTO -

[0] Ob1 : ¥ IOUTO L e

0x24 GPIO-CONFIG 0x01F5 [15] 000 : S5 Ob1, 7£ GPI L8 APk 2%

[14] 0bO : &%

[13] 0bO : 5 A Ob1 , £ GPIO 5| L f5 Flf di A =

[12:9] 0b000O : #EF¢ Wi 3] GPIO 11 At 1) STATUS BhaE i &
[8:5] Ob1111 : fEfTfTidE b5 GPI Thfig

[4:110b1010 : &+ GPI , filt K i/ RAR &

[0] Ob1 : J& ] GPIO Bl if A 30

0x20 COMMON-TRIGGER 0x0002 [15:12] 0b000O : S A 0b0101 , R4l A%t

[11:8] 060000 : 5 A 0b1010 , fil & POR £ fi

[7] 0bO : 1l DAC-X-FUNC-CONFIG 2 7421 #1% SYNC-CONFIG-X
iy 1, MBS A 0b1, filt LDAC i&f7

[6] 0bO : ‘H A Ob1 , 3T DAC-X-FUNC-CONFIG ZF 17 2% - Fi % CLR-
SEL-X i , ¥ DAC % f7-%% Al 15 B N ZARAY 51 A ()48 A

[5] 0b0 : %

[4] 0bO : 5\ Ob1 , filt & Mefi et fit 2 51

[310b0 : 5\ Ob1 , fi % PROTECT LhAkE

[2]10bO : 5\ Ob1 , BLHL NVM [f)—4T 047 B it

[110b1 : BN 0b1 , ¥i& M % /728 1R B A- 6] NVM

[0]1 0bO : H A Ob1 , LA NVM 15 B B35 I aE 217 o

0x01. 0x07. DAC-X-MARGIN-HIGH 0xAB80 [15:6] 0x29A : 10 £ 4 T 7 MARGIN-HIGH {15
0x0D. 0x13 [5:0] 0b000000 : 2%

0x02. 0x08. DAC-X-MARGIN-LOW 0x02C0 [15:6] 0x00B : 10 £ 44 ¥ ¥ MARGIN-LOW 1
OXOE. Ox14

[5:0] 0b00000O : F3%

ZHCADZ3A - JUNE 2021 - REVISED APRIL 2024 FLATHLIE i 755 DAC [9H /#5282 R 75 11 4 5
FERRIR
English Document: SLAAE22
Copyright © 2024 Texas Instruments Incorporated


https://www.ti.com.cn
https://www.ti.com.cn/cn/lit/pdf/ZHCADZ3
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCADZ3A&partnum=DAC63204
https://www.ti.com/lit/pdf/SLAAE22

L9 B

13 TEXAS
INSTRUMENTS

www.ti.com.cn

ARSI

TR R IAG A7 s E g A 2] DAC53204 1) NVM IO AURD 751 oAb Y B 2 T BT e S i h it

{0547 pri

PRI

//SYNTAX: WRITE <REGISTER NAME (Hex code)>, <MSB DATA>, <LSB DATA>
//Power-up voltage output on all channels, enables internal reference
WRITE COMMON-CONFIG(Ox1F), O0x12, 0x49

//Configure GPI for Margin-High, Low function

WRITE GPIO-CONFIG(0x24), 0x01l, OxF5

//Write DAC margin high code (repeat for all channels)

WRITE DAC-0-MARGIN-HIGH(0x01), OxA6, 0x80

//Write DAC margin low code (repeat for all channels)

WRITE DAC-0-MARGIN-LOW(0x02), 0x02, 0xcCO

//Save settings to NVM

WRITE COMMON-TRIGGER(0x20), 0x00, 0x02
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www.ti.com.cn/product/cn/DAC53204
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ok

www.ti.com.cn/product/cn/DAC63204
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www.ti.com.cn/product/cn/DAC43204
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