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RF CORE

Modem

RF RF
RAM [| ROM

[pac>
[pac>

Digital
PLL

[apc> "‘ L Balun 8/0r
[ADC> ‘ 1 Matching Network

Wireless MCU or Transceiver

' Balun &/Or
"‘ PA > Matchirl:g Network —[

TRF2001P Front-End Module

Output
Matching

Power
Detector

Input
Matching

©

Optional
RX Filter

HL£E MCU (WMCU) Btk 2% 11 TRF2001P SLAYFL B
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5.5 B M e 6 8.2 FEUS SR TE TN .o 21
5.6 BT T LR oottt ee et eeeeneneeens 8 RIS =3 VT 21
5.7 BRI e, 8 B T et 21
5.8 HLAUEME - 3K e, 9 8.5 B s 21
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PA_IN 5 | PA i\
RX_FLT 12 O | M ANT SIS 5. 3% , RX ik 58i% Bere RX_FLT A1 LNA_IN 2.
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Vee pa PA HL R PR L 45 v
Ve VCC 5| MR £ T 4.5 \Y
ANT. RX 3k 10
A NI AT S LNA_IN 10 dBm
PA_IN 16
HerhlZiEs| -0.5 3.6 \%
VSWR ANT H B L 10:1 -
Ty PN -40 125 °C
Tstg A7 IR -55 150 °C
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“HRRAUEE " FFAFROR SR S T A “ R BGSAT AR LA
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i1 LA
MR R RS (HBM) , 754 ANSI/ESDA/JEDEC JS-001 5k , Fifs 51 £2000
V(esp) sl &: o \Y
7o HL AR (CDM) |, £54 JEDEC #i3E JS-002 , fifA 5l i@ +1000
(1) JEDEC SC#% JEP155 it : 500V HBM i bt ESD Fofl i sei 44
(2) JEDEC C#% JEP157 f5i! : 250V CDM figlis 2 brttk ESD $3iliiifs F 224,
5.3 BYIEIT %M
1E BRI KSR T I TAR R SE N AR ( BRAES B 1T )
B/ME PRRRE BRE|  Hfr
Vee pa PA i LR 3.1 3.3 4.25 \Y;
Vee VCC 5 JiH HL 5 L 3.1 3.3 4.25 \%
Ta TARE S RE -40 25 85 °C
5.4 REREE R
TRF2001P
s VBA (WQFN-FCRLF) iV ivA
28 51

Roua SR 34.0 °C/W
R yc(top) GEZ AT (TR ) #ABH 15.5 °C/W
R 45 5 L AR A BH 9.6 °C/W
Yor 4 B TIRRHIE S5 0.1 °C/W
R 45 2 HUBR AU IE S B0 9.5 °C/W
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Ta=25°C. Vec pa =33V, Vee =33V, f=915MHz. RX_FLT J#% LNA_IN. A PA_IN % ANT 5| B8 St e
S ANT 2 LNA_OUT 5| B SHIEUE . 50 Q YA N Fldan H S 40 5| B 13k 78 EVM £ FEBUH SR 2123451
B ( BRAESS B B )

BK \ e | mME amE Bk B
S
B 820 1054| MHz
st s f=867MHz 25
Gt Pin = = 25dBm S 0oMHz % 928MHz 24 dB
f = 867MHz 27.2
f = 902MHz 27.5
Poar |ttt f=915MHz , 928MHz 27.4 .
f=867MHz 28.1
f= 915MHz , 928MHz 28.3
f=867MHz 254
f=902MHz 26.2
f = 915MHz 26.0
OP1dB |fith 1dB 4% f= 928Mtz 252 4B
f = 867MHz 25.7
Voo pa=3.6V, f=902MHz 26.4
Vee =3.6V f= 915MHz 26.6
f = 928MHz 26.4
f = 867MHz 43.2%
PAE  |sssbtiniics Po = 27dBm f = 902MHz 42.2%
f = 915MHz 42.0%
f = 928MHz 41.7%
f=867MHz , SR -59.5
— Po = 27dBm =it -67.5 .
f=928MHz , b/ o4 -56.0
Po = 27dBm =R 72.0
PA_IN &b Frfiy N[5 FE P = -27dBm 145 dB
VSWR = 1:1 15
f = 867MHz VSWR = 2:1 15
PA_IN 4k K AN Th = VSWR =441 6 dBm
- VSWR = 1:1 15
f = 928MHz VSWR = 2:1 10
VSWR = 4:1 5.5
o Z\vﬁvﬁ%;%;\&é\;og f# , VSWR = 10:1 , K 7 B
THERRWEE
DK 28 T 26t ANT 31 _L# | f = 820MHz % 1054MHz 5 Psar| dBm
Voer | DhEAa % i e 0 18 v
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Ta=25°C. Vcg pa=3.3V. Voo =33V, f=915MHz. RX_FLT £i4%% LNA_IN. A PA_IN | ANT 51 JIf S AL s
3 ANT 2| LNA_OUT 51 B SF AioiE . 50 Q@ JERI AR HH SR 305 B #7876 EVM & U N 323 4F 51
T BRAESI AU )

¥ \ WA | mME amE BE] B
SEE
AR ] 820 1054 MHz
Pl ME S35 P = - 27dBm , f = 867MHz % 928MHz 16 dB
f = 867MHz 3.0
f=915MH 2
NF | R o1oMhz 3 a8
LNA_IN % LNA_OUT. 13
f = 867MHz % 928MHz :
ANT #| RX_FLT #H A\ 4556 PN = -27dBm 15 dB
N f = 867MHz 52 .
PNV I P = - 27dBm m
WA N f = 902MHz % 928MHz -6.0
f = 867MHz 76
IP1dB |41 1dB R4t dBm
f = 902MHz % 928MHz 6.7
} f = 867MHz 16 dB
ANT 4 %N [B1 3% 357 FE PN = -27dBm
f= 915MHz 12 dB
LNA_OUT [t H [l e B k6 P 27dB = 867MHz 18 dB
SERO G &g e = - m
- TR N f=915MHz 16 dB
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Ta=25°C. Vcg pa=3.3V. Voo =33V, f=915MHz. RX_FLT £i4%% LNA_IN. A PA_IN | ANT 51 JIf S AL s
3 ANT 2| LNA_OUT 51 B SF AioiE . 50 Q@ JERI AR HH SR 305 B #7876 EVM & U N 323 4F 51

FE( BRARS AU )

¥ \ WA | mME amE BE] B
ELTA
Po =27dBm 318
| e TX 1 Po = 24dBm 228
cc pa |VCC_PA HIJF IR B 58 mA
RX i, | Py = - 27dBm 0.3
Po = 27dBm 42
lec VCC HiH TX i Po = 24dBm 20 A
TS 7
RX i, , Py = - 27dBm 10
W L AL PR ) PRIE 0.05 1 A
B RN
Vi IR Bl (B 1.6 3.3 3.45 \
- A% T GND
Vi R RME flKHSF (25 0) 0.5 \Y
liH ElVE B PNV S E = 3.3V 1 A
I 5] RS N IR 5 HE = 0V 1 pA
(1) ANT 1B EFAb Rt s, A X E MR R | WHhIE 54,
(2) A VCC_PA F1VCC 3| Iy it 2 .
5.6 B FFER
\ BME WA ROAE| B4
St
ton | SEMIE : ANT HISHHI T3 A CTR 110 50% JAFIRLE (E1 90% fF 5 M 1] 14 s
torr | SCITIR ] - ANT B 1 S M CTR LWSHY 50% 1A S A 10% FF 5 i 1 0.4 s
SR
oy | I : LNA_OUT AL 5t th 3\ CTR i) 50% ik IR (AIN 90% Fi 07 s
5 [y B ]
e | ST LNA_OUT A it Hifi 2ok M CTR it 50% i SR £ tifts 10% Ff 01 s
7 I 1
5.7 A EHE R
053] A E :
CEN CiB CTR A
1 0 0 R F
1 1 0 PR RX B2 (SR ) o TX PA I
1 0 1 AR f
1 1 1 JEH TX #43 ( SHAR% )
0 X X 5 T I LR A
0 0 0 BE 157 F P P AR 2

(1) 25
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5.8 HLAVRFE: - K%k

fE Ta=25C.\ Vgc pa = Vee = 3.3V, fiiN = PA_IN. firth = ANT. RX_FLT 70/l % LNA_IN. 50 Q JEAN S T4 A A
G SRS I H ORI E 2SI BRI ARR SRR (BRIERF UL )

35 40 29
—— Gp, 867MHz — - Pg, 867MHz - — 867MHz
33| — Gp, 902MHz — - Po, 902MHz 36 E —— 902MHz
31 Gp, 915MHz Po, 915MHz 32 T 285 915MHz
—— Gp, 928MHz — - Pg, 928MHz = —— 928MHz
w
_ 29 - e 28 (S
vt
O 25 — =—Spe 20 © o 275 —
. = > =
5 23 Y Y 16 & 2
& 3 27
21 A N 12 st
z 2o
19 N 8 ©
4 N 5 265
17 b 4 A
15 LLZ A 26
26 22 18 14 10 6 -2 2 6 10 14 -40 -20 0 20 40 60 80
PN (dBm) Ambient Temperature, Tp (°C)
B 5-1. RER T MAF Po 55 Py FIHIKER B 5-2. ARMHET Psar SREMKIKHE
45 450 -45
—— PAE, 867MHz —
40 | — PAE, 902MHz - 400 -50
PAE, 915MHz ,/ . 55
35| — PAE, 928MHz C4=13%0 3
— = lcc_pa, 867MHz / s S -60
30| — - I1cC pa, 902MH A 300
CC_PA, z / |4 Y s
) lcc_pa, 915MHz B el £ £ 65
% 25 n / 250 & §
51 — = lcc_pa, 928MHz // L E 8 70
w20 /- 200 §5 B
I ) o g2 75
15 /rA 4 150 9]
/// o E 80
10 // 7 100 T g
ey 4 HD2 [l HD5 [ HD8
5=l = Y 50 -90 HD3 HD6 HD9
—,44 HD4 HD7 HD10
0 0 95
26 -22 -18 -14 -10 -6 -2 2 6 10 14 867MHz 902MHz 915MHz 928MHz
Pin (dBm) Frequency
Po = 27dBm
B 5-3. AFFET PAE FHEEBFRS Py FHKXR Bl 5-4. TFIHE T RERAE
26 0 1.5 |
— — 1.4 | —— 867MHz 5
25 — -10 = 13| — 902MHz Vi
\ > . 7
24 L e -20 T_’ 12— 915MHz
/ —— 5 7| — 928MHz Z
23 L 30 @ | > 7~
/ =" T s 1.0 Z
—~ 22 40 o & 0.9 L~
o / N = //
o ) o 0.8 7
=2 B0 G | >
o - S 0.7 =
9 20 60 | © 06
| — - 2 05
19 70 o | & o4 =
— S21(dB) 5 O —
18 S11 (dB) | 80 £ 03
17 — 822 (dB) | g0 a 02
— S12(dB) 0.1
16 -100 0.0
700 750 800 850 900 950 1000 1050 1100 1150 1200 10 12 14 16 18 20 22 24 26 28 30
Frequency (MHz) Output Power, Po (dBm)
PIN = - 27dBm
B 5-5. ME5 S ¥ & 5-6. NFEHZE T Vper 5 Po MIIRR
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5.8 SiNrE - RIE (%)

TE Ta=25C. Vge pa=Vee = 3.3V, #iA = PA_IN. #ith = ANT. RX_FLT 7354 H: 2 LNA_IN. 50 Q VR i T4 A1

U ERGIA, JF L AR EEE S BoRIOBER AR ( BRAE AU )

30 30 30 30
29 o ) 29 —] 28
28 Lol =E T T 26 28 — B 26
27 — = 24 27 - . 24
26 - 22 26 |- £ 22
~ 25 > N 20 ~ 25 “ 1 20
g 24 : AN 18 = g 24 - N\ 18 2
& 23 L 16 @ o 23 - N 16 @
o i \ = o v \ s
- 22 14 3 — 22 7 14 3
T 21 v \ 12 o T 21 7 \ 12 @
o 20 - — Gp, 3.1V 10 ] 20 Gp, —40°C 10
19 — Gp, 3.3V \\ 8 19 — Gp, 25°C \ 8
Gp, 3.6V A\¢ — Gp, 85°C \
18 s —- Po, 3.1V N\ 6 18 1 Po, ~40°C \ 6
17 = —- Po, 3.3V 4 17 —- Po, 25°C 4
16 Po, 3.6V N\ ] 2 16 —- o, 85°C N2
15 Alo 15 0
26 22 18 14 -10 -6 -2 2 6 10 14 26 22 18 14 10 -6 -2 2 6 10 14
Pin (dBm) Pin (dBm)
f=867MHz. Ve pa ( WIEFTR ) Vee = Ve pa f = 867MHz
B 5-7. AR F R E I Po 5 Py [AHKIXR & 5-8. AREREE MM Po 5 Py FIKIRR
45 ‘ 400 45 400
— PAE, 3.1V PAE, -40°C —_
40| — PAE, 3.3V /" = 360 40| — PAE, 25°C o 360
PAE, 3.6V Y/ , — PAE, 85°C 7 -
35| —- lcc_pa, 3.1V VA " 320 35 Icc_pa, —40°C 77 — 320
30| T leca 33V | ~— 280 30| 7 lecpa 25°C ~ 280
Icc_pa, 3.6V por T 1. z — = lcc _pa, 85°C / -1 z
= - L~ = EMP
& 25 / 1/'. = 240 E & 25 VA/REAR 240 E
w 7 < w <
< 20 A 200 % < 20 iva '/ 200 ;‘
g — A =
15 [y 160 15 A/ 160
i AT 120
10 // 7 120 10 7 AT
5 - Al 80 5 g 80
0 k=—— 40 0 = 40
26 22 18 14 10 -6 -2 2 6 10 14 26 22 18 14 -10 -6 -2 2 6 10 14
P|N (dBm) P|N (dBm)
f=867MHz. VCC = VCC_PA f=867MHz
B 5-9. AFAHIEHET PAE FHEHES Py FIRLR E 5-10. AHEE T PAE MHJREBAS Py FEKILE
50 440 1.8
— PAE 7 3.6V, —40°C
45 Po 711400 < 16]— 36V, 25°C
z — 1 =7 < — 3.6V, 85°C
<€ CC_PA 3
H 40| s » — 360 g 1.4 3.1V, -40°C /,j,
g 35 7 - 320 > |31V 25c A
=< — g 12l —-3.1y,85C
= 30 280 < g -
& 7/ = £ = 1.0 =
T 25 / 240 = —F
ﬂc_; /, 4 o‘ S 0.8
< 20 A 200 8 3 os |
& 15 / 160 8™
w 7 © "
< 10 e 120 g 04 ==
5 A 80 & 02 ‘
0 40 0.0 L
26 22 18 -14 -10 -6 -2 2 6 10 14 10 12 14 16 18 20 22 24 26 28 30
Pin (dBm) Po (dBm)
f=867MHz f=867MHz. VCCfPA ( B s ) Voo = VCCﬁPA
B 5-11. PAE. Po FAIREHEHLE Py KRR Al 5-12. AN RIFFEERNRE T Voer 5 Po HIKISER

10 ZEXXriRiE
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5.8 SiNrE - RIE (%)

TE Ta=25C. Vge pa=Vee = 3.3V, #iA = PA_IN. #ith = ANT. RX_FLT 7354 H: 2 LNA_IN. 50 Q VR i T4 A1
ARG, I AR RIS SRR AERERE ( BRAES A U )

30 ‘ 30 30 30
29 =28 29 28
28 = e i DY 28 —E 26
27 y 24 27 e 24
26 7 22 26 4 22
5 —— N 20 5 % = - 20
— A\N —_ N\ —_
S é N v & | §o ZE=a o 5
hid A\N — \
© 2 - \ 1 < © 2 s A\ 12
T 21 7 \Y/ 12 o T 21 /7 N 12 o
O 5 — Gp, 3.V 10 O 5 p Gp, —40°C 10
. — Gp, 3.3V \&\ . — Gp, 25°C N\
19 8 19 , C 8
Gp, 3.6V " — Gp, 85°C \
18 > —- Po, 3.1V N\ 6 18 . Po, ~40°C \ 6
17 = —- Po, 3.3V N 4 17 i — - Po, 25°C 4
16 | % Po, 3.6V N\ 2 16 |-~ — - P, 85°C N2
15 Al o 15 0
26 22 18 -14 -10 -6 -2 2 6 10 14 26 22 18 -14 -10 -6 -2 2 6 10 14
Pin (dBm) Pin (dBm)
f=902MHz. Vcc pa ( WIEFTR ) « Vee = Ve pa f = 902MHz
& 5-13. AF BIFEHEE TIEEN Py 5 Py BIKIXER Bl 5-14. NFEEE T Po 5 Py HIMRR
45 400 45 400
— PAE, 3.1V = PAE, —40°C o
40 | — PAE, 3.3V = —1360 40| — PAE, 25°C L~ —1360
V.
PAE, 3.6V =1 — PAE, 85°C 13
35| —- Icc_pa, 3.1V e 320 35 Icc_pa, —40°C Z 320
— = lcc_pa, 3.3V . — = lcc_pa, 25°C / 1/ e
30 log . 3.6V 1 280 - 30— oo n. 85°C et 280 -
R 25 /l,' 240 E R 25 /LA 240 E
w S w 7 g
< 20 i 200 < 20 vaRd 200 o
15 / : 160 15 /,/', —~ 160
10 T 120 10 S 120
5 i Z 80 5 AL 80
L =]
0 40 0 40
26 22 18 -14 -10 -6 -2 2 6 10 14 26 22 18 -14 -10 -6 -2 2 6 10 14
P|N (dBm) P|N (dBm)
f=902MHz. VCC = VCC_PA f=902MHz
Bl 5-15. NAHIEHET PAE RIHIFEHRS Py FIRRER F 5-16. RNFEE T PAE FIHIRHRES Py BIFXR
50 [ 440 1.8
— PAE [ 3.6V, —40°C
45— pq 71400 < 16— 36V, 25°C —
< 40 lec 17 360 < — 3.6V, 85°C o7
£ — lcc.pa - b 1.4 3.1V, —40°C e
g 35 o 320 > |31V 25c o
= / 7 —_ g " — = 3.1V, 85°C A
£ 30 = 280 < 8 7
£ = 1.0 4
s} Ji A —— = ) Z
T 25 = 240 ¢ = >
o ( S 0.8
V.4 Q L
i 20 / 200 o § ////
e 15 g 160 g 06 =
w = Tt
7 4 S 04l==
£ 10 v - A 120 z -
= o
5 - - 80 0.2
0 =i 40 0.0
26 22 18 14 -10 6 -2 2 6 10 14 10 12 14 16 18 20 22 24 26 28 30
Pin (dBm) Po (dBm)
f=902MHz f=902MHz. VCCfPA ( B s ) Voo = VCCﬁPA
& 5-17. PAE. Po MEJRENRE Py KRR & 5-18. A EHIEEHERERE T Voer 5 Po FIFIRFR
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5.8 SiNrE - RIE (%)

TE Ta=25C. Vge pa=Vee = 3.3V, #iA = PA_IN. #ith = ANT. RX_FLT 7354 H: 2 LNA_IN. 50 Q VR i T4 A1
G ARSI, I B AR ZAESIH . BRI AR ST IR B

(B AR

30 ‘ 30 30 30
29| — Gp, 3.1V — = Po, 3.1V - =] 28 29 —1_]28
28| — Gp, 3.3V — - P, 3.3V B - P — 26 28 L =l—l- T 1 26
27 Gp, 3.6V Po, 3.6V L *r 24 27 — " < 24
26 — £ 22 26 AL 22
& 25 — ! ~ 20 & 25 - N\ 20
T 24 = — > \\\ 18 k) 24 — \\\\ 18 =
& 23 - N 16 @ | & 23 e \ 16 @
- 22 » N\ 14 — | = 22 A4 \ 14 =
£ \N o|c A\N o
s 2 N\ 12 0§ 21 A7 - \ 12
20 N 10 20 . — G, ~40°C TN 10
- A\Y ya — Gp,25°C |11
19 \ 8 19 ~ pesindeyede 8
\N 7 Py N\
18 = \L 6 18 7 — - Pe -20°C \ 6
17 - \ 4 17 3 — - Po, 25°C a 4
- N 2 16— Po, 85°C N 2
15 L& it o 15 Lz . 0
26 22 -18 -14 10 6 -2 2 6 10 14 26 22 18 -14 -10 6 -2 2 6 10 14
Pin (dBm) Pin (dBm)
f=915MHz. Ve pa ( WK ) « Vo = Vee pa f = 915MHz
& 5-19. AF BIFHEE FIHAEN P 5 Py BIKIXER & 5-20. AFEE TN Po 5 Py FKIRER
45 — 400 45 400
— PAE, 3.1V = PAE, -40°C ~
40| — PAE, 3.3V = 360 40| — PAE, 25°C =TT 11360
~ -
PAE, 3.6V e — PAE, 85°C 3
35| —- Icc_pa, 3.1V PR 320 35 Icc_Pa, —40°C e % 320
30| 7 lcpa 3.3V N 280 30| — 7 locpa 25°C JAVAR S xi 280
lcc_pa, 3.6V 1. z lcc_pa, 85°C L~ z
& 25 I*[ fet ] 240 E & 25 /7t 240 E
s VA = < / !
< 20 )4 200 & < 20 Ar 200 &
G /7 8] 8 47irax E
15 ] 160 15 S 160
10 " 120 10 s 120
7= — -’
5 A 80 5 A 80
0 b= 40 0 40
26 22 18 14 10 6 -2 2 6 10 14 26 22 18 14 10 6 -2 2 6 10 14
P|N (dBm) P|N (dBm)
f=915MHz. VCC = VCC_PA f=915MHz
B 5-21. R HBEHEET PAE FIHEEHRES Py AR B 5-22. RAEE T PAE MEBERKS Py HEIXER
50 440 1.8
— PAE 1 3.6V, —40°C
451 — po 11400 < 16| — 38V, 25°C =
g I = = — 3.8V, 85°C /
<< cC )
£ aof Icc_pa ~ 360 b 14 3.1V, —40°C e
g 35 320 > |31V, 25 ]
= — g 14| —- 3.1y, 85C i
= 30 / 7 280 < 2 e
& [ L= E £ 10 A
T 25 S = 240 < > ~
o ,5 o 5 0.8 —
o 20 o/ 200 3 ]
€ 15 yd 160 3 06 ==
w P 7 5 04 ——
£ 10 120 e
5 L LA 80 & 02
0 — 40 0.0
26 22 18 14 10 -6 2 2 6 10 14 10 12 14 16 18 20 22 24 26 28 30
Pin (dBm) Po (dBm)
f=915MHz f=915MHz. VCCfPA ( B s ) Voo = VCCﬁPA
B 5-23. PAE. Po FIHIEHIE Py HKXR  5-24. N[E| HIFEEREE T Voer 5 Po HIIXRR
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5.8 SiNrE - RIE (%)

TE Ta=25C. Vge pa=Vee = 3.3V, #iA = PA_IN. #ith = ANT. RX_FLT 7354 H: 2 LNA_IN. 50 Q VR i T4 A1
ARG, I AR RIS SRR AERERE ( BRAES A U )

30 - 30 30 30
29 F—-28 29 —{ 28
28 k=TT 28 P B e e 26
27 = 24 27 : 24
26 7 22 26 e 22
25 —— 20 —~ 25 L < 20
g 24 \ 18 = g 24 — , \ 18 2
& 23 - \ 16 @ & 23 = \. 16 @
- 22 = N\ 14 3 - 22 T N 14 3
© 21 7 % 12 T 21 / \ 12 @
O 5 — Gp, 3.1V [N 10 O 5 Gp, —40°C [N 10
19 . — Gp, 3.3V N 8 19 . — Gp, 25°C \ 8
Gp, 3.6V §\ — Gp, 85°C N\
18 - — - Po, 3.1V \ 6 18 - Po, -40°C N\ 6
17 = —- Po, 3.3V 4 17 i —- Po, 25°C 4
16— Po, 3.6V v 2 16 == — - Pg. 85°C \ w4
15 L& AN ) 15 L2 0
26 22 18 14 10 6 -2 2 6 10 14 26 -22 -18 14 10 6 -2 2 6 10 14
Pin (dBm) Pin (dBm)
f=928MHz. Ve pa ( WEIFTR ) + Vee = Ve pa f = 928MHz
B 5-25. AN|F]HVF RLE T I23M Po 5 Py MK R E 5-26. NEEE T Po 5 Py BIFIRA
45 400 45 400
— PAE, 3.1V —— PAE, —40°C —
40 [ — PAE, 3.3v = =360 401 — PAE, 25°C 360
PAE, 3.6V 1 —— PAE, 85°C 7 i
35| —- Icc_pa, 3.1V = 320 35 Icc_pa, —40°C 7 320
30| 7 lecn 33V /) ‘) 280 30| 7 lecpa 25°C ava 2 280
lCC PA;, 3.6V ‘e —_ ICC PA, 85°C ‘. —~
< - Y/ < = - VT z
X 25 ‘[ 240 E X 25 A 240 E
= VA = /
< 20 ) 4 200 & < 20 A/ 200 &
o L/ ’;’ 8 o WAVAR 8
A /
15 160 15 o7 160
10 ‘,‘ 120 10 Z L 120
= gy’ -
5 L7 80 5 L4 80
i ;’4%/
0lb== 40 0 40
26 -22 18 14 10 6 -2 2 6 10 14 26 -22 18 -14 10 6 -2 2 6 10 14
P|N (dBm) P|N (dBm)
f=928MHz. VCC = VCC_PA f =928MHz
A 5-27. AFIHEIEHET PAE RIEFEHBRES Py FHFIRER F 5-28. R HEET PAE MHIERTES Py MEIRRE
50 — 440 1.8
— PAE i 3.6V, —40°C
45| p, 7400 < 16— 38V, 25°C
T I e = —— 3.6V, 85°C s
<< CcC i
£ aof Icc_pa B 360 b 14 3.1V, —40°C -
o 35 y. 320 > —- 3.1V, 25°C 2 ad
© / _ g 12| —-31v, 85°C P8
£ 30 / - 280 < g 10 2
T 25 — 240 < >
o / o 5 0.8 >
o 20 200 8 ] =
= 71/ = o —
& 15 AL 160 8 o
u 2 8 04 ==
£ 10 L 120 z
7 r o
5 = 80 0.2
0 — 40 0.0
26 22 18 -14 -10 -6 -2 2 6 10 14 10 12 14 16 18 20 22 24 26 28 30
Pin (dBm) Po (dBm)
f=928MHz f = 928MHz. VCCfPA ( B s ) Voo = VCCﬁPA
& 5-29. PAE. Po RHLJREIS Py MKXER & 5-30. REEIEEERBE T Vper 5 Po RIKZRHR
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5.9 JLRVRRE - HRl

fE Ta=25C.\ Vgc pa = Ve = 3.3V, fiiN = ANT. #iili = LNA_OUT. RX_FLT 70l % LNA_IN. 50 Q VEAN G A7 T4
ANANE ARG, F B E MR BRI, BRI RS ( BRAERNA U )

19 20 4
18 — 821 (dB) | 45 —— ANT to LNA_OUT
— S11 (dB) —— LNA_IN to LNA_OUT L~
17 S22 (dB) | 10 3.5 P
16 i — $12(dB)| 5 &
8 o //
15 - T ]o % z 3
o 14 = 5 g z
2 3EE AN 10 o g o5
N N - 2
»n 12 — -15 0 i
1 . 20 ¢ % 2
10 -25 z
9 — ] -30 15
8 == -35
7 -40 1
700 750 800 850 900 950 1000 1050 1100 1150 1200 800 825 850 875 900 925 950 975 1000
Frequency (MHz) Frequency (MHz)
PIN = - 27dBm
A 5-31. M5S S BH & 5-32. B R
17 . 12 5
[ — Po, 867MHz
16 10 1| — Po. 902MHz /
15 - =y 8 Po, 915MHz
. —
14 3 H N 6 -3 Po, 928MHz v
— 13 4
m % . PR 4 7
S 12 - 2 = /
& 11 Z o 8| 8 - //
% 10 [ -2 n? & 15 rd
© 9 AL 4 v
8 o ,§ 6 19 /
Al —— Gp, 867MHz — - Po, 867MHz [ TY - - 7
7 7 —— Gp, 902MHz — - Po, 902MHz [ 1] _g 7
Ny Gp, 915MHz Po, 915MHz (7] -23 7
Z —— Gp, 928MHz — - Pg, 928MHz ||~ /
5 -12 27
27 24 21 -18 15 12 -9 -6 -3 0 27 23 19 15 -1 7 -3 5
Pin (dBm) Pin (dBm)
A = ANT. #ith = RX_FLT
& 5-33. AR T WM Po 5 Piy MKIXR B 5-34. AABET Po § Piy HRIRFR
19 12 20 ‘
=== — Icc, 867MHz —
8 SN 10 19]  Ice. 902MHz RN
17 i : T8 18| — Icc, 915MHz = S
Z \ —_
16 7 \ 6 17 lcc, 928MHz N o
e 4
S 14 2 £ =
o — \ & < 15 l/
& 13 i \ 0 = g 14 /
£ 12 N 2 & ° V4
0] 1 7 I 4 13
# ' \ . 12 4
10 A —— Gp, 867MHz — - P, 867MHz N6
) P —— Gp, 902MHz — - P, 902MHz 8 11 >
8? Gp, 915MHz Po. 915MHz \ 0 10 ——
| —— Gp, 928MHz — - Po, 928MHz 1"
7l 112 9
27 24 21 18 15 12 -9 -6 -3 0 27 24 21 18 15 12 -9 -6 -3 0
P|N (dBm) P|N (dBm)
I = LNA_IN. #itH = LNA_OUT
F 5-35. RNESE M Po 5 Py MIBIRR B 5-36. HUJFHILS Py KRR

14 EXXFIRE
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5.9 JAVRRE - Bl (52)

fE Ta=25C. Vgc pa = Ve = 3.3V, fiiN = ANT. #iili = LNA_OUT. RX_FLT 70l % LNA_IN. 50 Q VEAN G A7 T4
ANFE ARG, F B E MR B IRRATIE, BRI SIRE ( BRAERNE U )

17 : 12 19 12
16 = | 10 18 10
15 ===l 8 17 =8
14 + 6 16 L& 6
= 13 17 4 & 15 ar AN 4
T 12 , 2 T | =14 RARE N\, 2 £
o 5 ] a v N\ Q
S 11 0o T | o " AN o=
§ 10 - 2 &2 (‘9% 12 i §\ 2 &
7 b
9 S -4 11 o N -4
8 Gl -6 10 H-+ =l AN ]
7 ’ 7 — Gp, Vcc =31V —- Po, Vcc =3.1V -8 9 P Gp, —40°C Po, -40°C N\ -8
6 P — Gp, Vcc =33V —- Po, Vcc =3.3V | 10 8 L 7T~ — Gp, 25°C —- Po, 25°C 10
Gp, Vcc =3.6V Po, Vcc =36V []~ V — Gp, 85°C —- Po, 85°C N :
5 -12 7 -12
27 24 21 -18 15 -12 -9 6 -3 0 27 24 21 -18 15 12 -9 6 -3 0
P|N (dBm) P|N (dBm)
f=867MHz. VCC = VCC_PA f=867MHz
& 5-37. A HVFRE T2 Po 5 Py MK ER B 5-38. RNEHEE T Po 5 Py MIMIRR
17 12 19 12
16 10 18 10
15 N1 8 17 : ~frs=| 8
AN 7
14 6 16 6
AY RN
1 4 ~ 1 4
m 3 \ . om 5 pd AN -
T 12 n 2 € T 14 e 2 £
S 11 ’ A o 8|81 A o %
£ 10 - 2 & | § 12 As 2 &
© 9 4 O 44 2 N 4
8 - - 10 A N\ -6
a8 B v | A - pron AN
7 = — Gp, Vcc =31V —- Po, VCC =3.1vV H] -8 9 7 4 Gp, —40°C Po, 40°C -8
6 | 1. b Gp, Vcc =33V —- Po, Vcc =3.3V : 10 8 HIFMR — Gp, 25°C =—-~- Po, 25°C \ 10
s Gp, Vcc =3.6V Po, Vcc =3.6V [ ]~ A L — Gp, 85°C — - Po, 85°C -
56 12 7L 142
27 24 21 -18 15 12 -9 6 -3 0 27 24 21 -18 15 12 -9 6 -3 0
P|N (dBm) P|N (dBm)
f=902MHz. VCC = VCC_PA f =902MHz
E 5-39. N IR R T I42H0 Po 5 Py BIMRER E 5-40. RNEEE THAEM Po 5 Py HIFIRA
17 12 19 12
16 10 18 - 10
15 eSS — 8 17 deblmei—d8
14 6 16 > 6
13 4 _ 15 = 4
m — o N -
T 12 2 E | 214 = ; 2 €
& 11 : 0o 5| & 13 : A 0o S
£ 10 B 2 &£ | £ 12 e \ 2 2
© 9 4 O 44 D -4
8 ; -6 10 =+ -6
7 | — Gp, Vec=3.1V — - Po, Vec =3.1V | 8 9 7 Gp, —40°C Po, —40°C 8
6 4 — Gp, Vgc = 3.3V — - Po, Ve = 3.3V ] 10 8 - ', — Gp, 25°C — = P, 25°C 10
Gp, Vgc = 3.6V Po,Vec =36V | ]~ L~ 1 — Gp, 85°C — - Pp, 85°C ﬁ -
5 -12 7 1 12
27 24 21 -18 15 12 -9 6 -3 0 27 24 21 -18 15 12 -9 6 -3
P|N (dBm) P|N (dBm)
f=915MHz. Vee = VCCfPA f=915MHz
Bl 5-41. A EBiF B T I423M Po 5 Py XA Bl 5-42. NFHRE T Po 5 Py HFXER
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5.9 JAVRRE - Bl (52)

fE Ta=25C\ Vee pa = Vee = 3.3V, Hil A = ANT. fithh = LNA_OUT. RX_FLT 73 /lfi4 % LNA_IN. 50 Q A1 T4

N SEIREI I, JF H O S S, SR R A IR

(BRARS AU )

17 12 19 12
16 10 18 10
15 T TN 8 17 =1z s
14 : 6 16 N4 6
1 _ =]
m 3 4 e m 5 A N 4 —
T 12 - 2 g T 14 2 2 €
& 11 “ o 8| & 13 AT 0o 2
£ 10 2 & | § 12 T N 2 &
© 9 - -4 O 41 i \ 4
8 -6 10 ANmE \== I
7 — Gp, Voc =31V — = P, Vec = 3.1V [ g 9 i Gp, —40°C Po, —40°C N -8
6 o — Gp, Vcc = 3.3V — - Po, Ve = 3.3V ] 10 8 PP — Gp, 25°C —=- P, 25°C |1 Sk, 10
Gp, Vcc =3.6V Po, Vcc =36V ]~ v i — Gp, 85°C —- Po, 85°C | :
5 12 L1 12
27 24 21 -18 15 12 -9 6 -3 0 27 24 21 -18 15 12 -9 6 -3 0
P|N (dBm) P|N (dBm)
f=928MHz. VCC = VCC_PA f=928MHz
&l 5-43. AR BIFHEE TIEAEN P 5 Py BIKIXER B 5-44. NEHEE T Po 5 Py MIMXR
21 21
— Vee = 3.1V —-40°C
200 Vce = 3.3V 200 ___ o5
19| — vge = 3.6V 19| — 85°C
18 S§ 18 / ~
17 N 17 ~
< 16 y z 16 / 1]
E 15 / E 45 VAVA
Q 1 Q
L 14 i L 14 A
13 13
12 W 12 V7
11 = 11 L ==
10 = 10 —
9 9
27 24 21 18 -15 12 9 6 -3 0 27 24 21 18 15 12 9 6 -3 0
P|N (dBm) P|N (dBm)
f=867MHz. VCC = VCC_PA f=867MHz
B 5-45. 7 F HIR FLE T IR RS Py BHIRR F 5-46. 1NFIRE T BHIFHRAS Py FRKEAR
21 [ 21
— Vee =3.1V [ —-40°C
20f Vee = 3.3V —= 20 ___ o5 -
19— vec =36V A = 19| — 85°C AT
18 / = 18 /- S
17 4 17 /17
<18 y Z 16
E s VA E 45 /
O 7 g yA
O 14 ~ 9 14 2
13 13
12 A 12 A
11 = 1" -
10 = 10 —
9 9
27 24 21 18 15 12 9 6 -3 0 27 24 21 18 15 12 9 6 -3 0
P|N (dBm) P|N (dBm)
f = 928MHz. Vee = VCCfPA f=928MHz
E 5-47. A E HJR R T HIEBRRS Py AR E 5-48. NAIRE T HIEHAS Py FFKER
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6 40 B
6.1 MR

TRF2001P &zt ae S AT m A Ee (FEM) , B1E 5 &Mz Hlds (MCU) fil i £ &4 (SoC) IC L& |, i&
FF EE LR DFACT 1GHz 1 ISM SRR N o iZ 23 FE I R4 TX iz B B A £ PA T4
MCU #1 SoC Hifit /7 , BT R LNA 1275 RX REUE I8 =k g s,

KEBNINFALT 1GHz (1) ISM #it ¥t 2 SoC [ — NI BRI 2 |, &Ik (TX) % oh 238 5 R H] 4E
16dBm % fi , {R/0F SoC SZHfmik 22dBm . 47 TX ThE KT 10dBm K HiX 2 SoC K, TLihikanZs
JilE (SFDR) % 2 N, EVFZEOLN , BN A28 7 75 ZA MO eI A &8 Bfil , LLRF & FCC M ETSI #x
TR E VR SR . TRF2001P S8 $2 (L8009 M 1 5 AT E 25 A 27dBm 19 TX f i Th R EE )T, fo¥F SoC 7E5
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Place supply decoupling Place ferrite bead in series with the
capacitors as close to the supply source and prior to the decoupling
supply pins as possible capacitors on the supply trace
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Follow the device PCB footprint Top metal layer is signal
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TRF2001PVBAR Active Production WQFN-FCRLF 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR - T201PA21
(VBA) | 28

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE OUTLINE
VBAOO28A WQFN-FCRLF - 0.7 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

3;2——

PIN 1 INDEX AREA

4.6
4.4

0.01 .
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S EIJ A R B L S P
= | - i
b \ [
24X g ~ ‘ E‘i 1
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" hoopono P
| 28x 03
PIN 11D 28 ‘ 22 0.2
(45°X 0.3) . & @LT_M
—= 1.446%0.1 |=— sy 06 0.05¥
0.4

4229740/A 06/2021

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
VBAOO28A WQFN-FCRLF - 0.7 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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2X (0.473) PKG
¢

28 22 SEE SOLDER MASK
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SCALE: 20X
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0.07 MAX
ALL AROUND r ALLAROIND r
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METAL EDGE | / SOLDER MASK
|
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! |

|

EXPOSED METAL N\__SOLDER MASK EXPOSED/ T SOLDER MASK
OPENING METAL ' ) OPENING
NON SOLDER MASK
DEFINED SOLDER MASK DEFINED
(PREFERRED)

SOLDER MASK DETAILS
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
VBAOO28A WQFN-FCRLF - 0.7 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

<——r (0.827)

22
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SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 20X

EXPOSED PAD 29
35% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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