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2.00—

|_Load[1] A-(500m; -1.978061) B:(4.5; 1.946517)
|_Load[2] A:(S00m; -1.978983) B:(4.5; 1.947425)
|_Load[3] A:(500m; -1.985022) B:(4.5; 1.953368)
|_Load[4] A:(S00m;-1.981158) B:(4.5; 1.949605)
|_Load[5] A(500m;-1.978402) B:(4.5; 1.946853)
|_Load[6] A-(500m;-1.981746) B:(4.5; 1.950144)
|_Load[T] A:(500m; -1.973531) B:(4.5; 1.942068)

| Load[8] A:(500m; -1.981343) B:(4.5, 1.943748)
|_Load[s] A:(S00m; -1.977586) B:(4.5; 1.946051)

— |_Load[10] A:(S00m; -1.978523) B:(4.5; 1.946872)

<

T

2

5

O
|_Load[1] A:(2.5;-1.332045m)
| Load[2] A:(2.5;-1.332637m)
|_Load[3] A:2.5;-1.336485m)
|_Load[4] A28, -1.334048m)
|_Load[S] A:(2.5 -1.332286m)
|_Load[8] A:2.5;-1.334397m)
|_Load[7] A:2.5 -1.329162m)
I_Load[8] A:2.5 -1.334141m)
I_Load[3] A:25;-1.331746m)
I_Load[10] A:(2.5; -1.3322343m)

200 - : - - |
500.00m 250 450
Input voltage (V)

B 5: TINA-TI™ - I w0 RIBHE

R 3 CTHRBRBHRERER

& &R

FREHW mA) -1.333

EHERERRE B 1.948

Negative Full-Scale Current (4) -1.979
Full-Scale Current (A) 3.927

Full-Scale Current Standard Deviation (o) (mA) 6.11

The total system gain error from the ideal component sweep was determined using the following
equation:

|(ILOAD (Ideal_max) -1 oo (Ideal _min))_ (ILOAD (max) =l oan (min)l
(Ioao (Ideal _max) -1, (Ideal _min))

Gain Error(%) = x100 (11)

The positive and negative gain errors were calculated using similar equations using the ideal
positive and negative spans (2A).

8 5% Error, 0.5-4.5 V Input, +/~2 A Output, BTL V-I Converter ZHCU062—June 2013—
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4.2 Step Response

Figure 6 The results show that the output settles to the proper value with little overshoot
and ringing, indicating a stable design.

0.10—
|_Load
0.00
2.60—
VG ]
2.50
2.55—
Vioad+
2481
2.50
Vload-
245 T | T |
0.00 50.00u 100.00u

Time (s)

4.3 Compliance Voltage

Figure 7 The output compliance voltage was found to be 4.698 V and the maximum output
resistance was 2.36 Q.

ZHCU062—June 2013— 5% Error, 0.5-4.5 V Input, +/~2 A Output, BTL V-I Converter 9
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2.00 —
. 2.36 Ohms
| Load 1.00 7:
i Output Compliance Voltage:
0,00 4849V -0.151V =4.698 V
5.00 —
] 4849V
Vv Lontrg7p] 4849V
2.50—
2.50 —
V_Load- 1.25 7:
] 0.151V
0.00 ‘
0.00 2.50

Input resistance (ohms)
B/ T

4.4 Simulated Result Summary

Table 4
% 4: Simulated Result Summary
Goals Simulated Simulated Monte—Carlo
Offset (%FSR) 0.1 0.033 0.033
Positive Gain Error ANiEH 2.55 2.6
(%FSR)
Negative Gain Error ANidEH 0.95 1.05
(%FSR)
Total Gain Error (%FSR) 5 1.75 1.825
Load Compliance (V) 4.5 4. 698 4. 698

10 5% Error, 0.5-4.5 V Input, +/~2 A Output, BTL V-I Converter
iAo 2013, FEMAXEE (TI) AF]
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5 PCB #tit
A.1A. 2
5.1 PCB IREA/

Trace thickness is a primary concern in this design due high current. Any traces in the design
that carry a high current should have thickness that ensures a proper degree of current-—

carrying capacity.
paths.

Figure 8

In this design, at least 100 mil traces were used for the high current

ca’L ]
o~ .~ NeiDl 2
Rsnl

o, e
- = ECsnl
= &

o
@, -
01

3
o VCC
Cl0 ey
'
Lawd I8RclZ

Texas Instruments

o o [ o
Bridge-Tied Load V-1 Amplifier, Rev.A
D.C. 2013

D3
o

In addition to these rules,

B 8: Altium PCB Layout

please reference and abide by general PCB layout

guidelines.
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6.1 Transfer Function
Figure 9
loap Vs Vin
2.5
2 N
1.5 ﬂ‘\\\\\\=\~\\“~;
1 \
__ o5
s \
2 0 T T T T T ]
2 o5 1 15 2 ZN 35 45
-0.5 \
-1 \
-1.5 \
-2 N
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K 9:
#* b5: Measured Performance
SR
Negative Full-Scale Current -2.096
@
Positive Full-Scale Current 2. 086
@
Zero—Scale Current (mA) -0.5
Figure 10
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lLoap_error VS lLoap_ipeaL

0-1EL
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Figure 11
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-0.05 4‘\\\\\\\-
=01
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= 6: Measured Performance %FSR)

Measured
0ffset Error (%FSR) 0.0125
Positive Gain Error 4.8
(%FSR)
Negative Gain Error 4.3
(%FSR)
Total Gain Error (%FSR) 4.55
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Figure 12
Tek Run | f =} ] Trig'd
' ' L : )
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-+~ |-2.84000ms

B 12: Full-Scale Triangle Wave Input
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A full-scale 4 Vpp,

100 Hz full-scale step response centered at 1 V dc is applied to VIN to

observe the full-scale settling response of the design. Figure 13
Tek Run | — ] Trig'd
«
— ]

ChiFNIN AL

B 13:
Figure 14Figure 15Figure 16

Figure 14Figure 15Figure 16

Ch4| 1.00 A Q6

M40.0ps A Ch1 & 2.88V

10.00 %

Full-Scale Settling Response
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Ch1 Pk-Pk
279.8mV

Ch2 Pk-Pk
184.3mV

; : : ; . b ; : . : 1 Ch3 Pk-Pk
g SRV S WS S ‘ 17 SO S SIS , T 149.7mv

__________________________________________________________ Ch4 Pk-Pk
), . : N, 300.3mA

Ch1l” 200mV A& Ch2| 200mV w5 M| 200us| A Ch1  16.0mV
Ch3[ 200mV VAERE 200mA Q6

1+ 10.00000 s

B 14: Small-Signal Stability as a Current Sink

Tek Run | E

4=

] Trig’d

: : : - - ¥ : : - - 1 ch1 Pk-PK
7> R LY S 1 272.5mv

Ch2 Pk-Pk
192.3mV

Voo . . . R T .
e cn3pkpk

145.8mV

AT VR 7 : L : 1 Ch4 Pk—PK
Pt - - - - - - 1 292.5maA

Chi| 200mv A&j/Ch2[ 200my oM 200js| A Ch1 4 20.0mV]
Ch3[ 200mv ~&EEE 200mA Q5 21 Feb 2013

ii+¥[0.00000 5 12:57:453

B 15: Small-Signal Stability at Mid-Range
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Tek Run | : ii ] Trig'd
S ———rereree——— @ ! 0 0" & '!,‘—'JV;LJ_'V_—'-'_J;' 2 A
y : N : :
i . ‘ . ‘ i . . . . 1 Ch1 Pk-PK
|§:;...Z....].‘.‘I‘.‘.].‘.”;“...Z....Z....Z...ﬁ ...... \ 274.7mV
':é:::ﬂ::::f:ﬂ1“1:1:&:::5::35::::53::' Ch2 Pk—-Pk
: I ] i . . . . . 182.4mV
Ch3 Pk—-Pk
146.7mV
Ch4 Pk—Pk
287.7mA
@ 200mvV A&Ch2 200mV &M 200us A Ch1 S5 16.0mV
Ch3\ 200mv %MCI’M\ 200maA Q8y
++|0.00000s
B 16: Small Signal Stability as a Current Source
6. 3 Compliance Voltage
Figure 17
OUTPUT SWING TO POSITIVE RAIL OUTPUT SWING TO NEGATIVE RAIL
vs SUPPLY VOLTAGE vs SUPPLY VOLTAGE
300 300
250 250 logr = —2A
= = —
E 200 lour = 2A ‘E’ 200
g 150 [— 2 150
o - o loyr = ~1A
% 100 lo._;/ 1A gwo ;ur
50 loyr = 200mA 50
¥ | ,_,IO._,,:—EI]DmA
0 ] 0 |
2T 30 a5 40 45 50 55 27 30 a5 4.0 4.5 50 5.5
Supply Voltage (V) Supply Voltage (V)

B 17: OPA569 Output Swing vs. Supply Voltage and Output Current

Figure 17 A quick estimate of the load compliance voltage can be made by subtracting the 350
mV of output swing limitation from the 5 V power supply, leaving 4.65 V of output load
compliance. The measured value was found to be 4.724 V.

ZHCU062—June 2013— 5% Error, 0.5-4.5 V Input, +/~2 A Output, BTL V-I Converter 17
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V

RLOAD (max) = O (12)
ILOAD

R oap(Max) =2.362 Q (13)

6.4 Measured Result Summary

Table 7

#* 7: Comparison of

Design Goals and Measured Performance

Goals Measured
Offset (%FSR) 1 0.0125
Positive Gain Error AiEH 4.8
(+%FSR)
Negative Gain Error (- NiEH 4.3
%ESR)
Total Gain Error (%FSR) 5 4.55
Load Compliance (V) 4.5 4.724

7T B

The components selected for this design were based on the design goals outlined at the
beginning of the design process. The circuit requires a power amplifier that has an internal
current—-monitoring circuit that can be used as feedback to create the V-I transfer function.
However, almost all power amplifiers can be used in a BTL configuration with voltage feedback
to the first amplifier. This would produce a standard voltage output system instead of a
current output, but would still benefit from all of the performance benefits of a BTL design.

However, increasing the output current swing past the £ 2 A shown in this design is not
possible without the risk of damage to the circuit

To reduce cost in the reference circuit at the expense of accuracy, a low—cost shunt regulator
can be used in place of the REF5025 to provide the +2.5 V reference

8 Potential Application: TEC Driver

Additional data was collected by using a CP30338 Thermo-Electric Cooler, TEC, as the load of
the circuit to observe the operating temperature characteristics of the TEC when used in
conjunction with this circuit. A TEC creates a heat differential between its two plates based
on the Peltier effect, which occurs when a current flows through the TEC. A stick-on

resistive—temperature—detector (RTD) temperature probe was used to measure both sides of the
TEC.

Figure 18Figure 19

18 5% Error, 0.5-4.5 V Input, +/~2 A Output, BTL V-I Converter
iAo 2013, FEMAXEE (TI) AF]
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Appendix A.

A.1 Electrical Schematic

Figure 20
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B 20: Altium Schematic
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Quantity |Value |Designator Description Manufacturer Par Number Supplier Part Number1
5 0.1uF |1, €3, C5, C7, C8 CAP, CERM, 0,1UF, 50V, +/-5%, 7R, 1206 A0 1206501040824, 478-3797-1-ND

4 A7uF  [C2, C4, C6, C11 CAP, TANT, 47uF, 16, +/-20%, 0.7 ahm, 7343-31 SMD__ |Vishay-Sprague 2930476x00160D2TES 718-1086-1-MD

2 1uF 3, C10 C&P, CERM, 1UF, 25%, +/-10%, X7R, 0603 MURata GRM1GERYIELOSKALZD |4590-5307-1-MD

1 0.47uF [Co CAP, CERM, 0.47uF, 100%, +/-10%, ¥7R, 1206 TOK CI2LEHTRIAATAK A445-2284-1-MD

2 0.01uF [Csnl, Csn2 CAP, CERM, 0.01UF, S0, +/-5%, 7R, 0603 Kemet CO0603C103J5RACTY 399-1092-1-MD

4 0,354 (D1, D2, D3, D4 Diode, Schottky, 15%, 38, SMC International Rectifier 30BQ0LSTRPBF %5-30BQ015PBFCT-MND
4 F1, F2, F3, F4 BUMPORM CYLIMDRICAL 312X, 200 BLE El 5614l 5J5746-0-MD

2 GO, Yoo Standard Banana Jack, Uninsulated, 5.5mm Keystone 575-4 575-4K-MD

1 Load Conn Term Block, 2P0S, 5.08mm PCB Phoenix Contact 1715721 277-1263-MD

1 10.0k |R1 RES, 10.0k ohm, 0.1%, 0.1, 0603 Susumu Co Ltd RGLE60EP-103-B-T5 RG16P10.0KBCT-MD
1 245 RC RES, 243 ohm, 1%, 0.1, 0603 Yageo America RCOG03FR-07249RL 311-243HRCT-MD

2 549k |Rell, Rol2 RES, 5.43k ohm, 1%, 0.1W, 0603 Yageo America RCOG03FR-075K 490 311-5. 49KHRCT-MD
2 1.00k |RF, RI RES, 1.00k ohm, 1%, 0.1, 0603 Yageo America RCO603FR-071KL 311-1, 00KHRCT-MD
1 475 Rset RES, 475 ohm, 1%, 0.1%, 0603 Yageo America RCOG03IFR-07475RL 311-475HRCT-MD

2 10 Rsnl, Rsh2 RES, 10.0 ohm, 1%, 0.1%, 08603 wishay-Dale CRCWIOBD3I10ROFKEA 541-10,0HCT-MD

3 Red TP1, TPY, TP13 Test Point, TH, Miniature, Red Keystone 5000 S000K-MD

[ Black |TP2, TP3, TP4, TPS, TFE, TP7 |Test Point, TH, Miniature, Black Keystone 5001 5001K-MD

2 wWhite [TP10, TP11 Test Point, TH, Miniature, ¥White Keystone 5002 S002K-MD

2 U1, Uz 1C OP&MNP GP R-R 1.2WMHZ 20501C Texas Instruments OPA36S 296-26292-1-ND

1 U3 |CWREF SERIES PREC 2.5V 8-501C Texas Instruments REF5025 296-27641-1-ND

1 “in Connectar, TH, SkA& Emerson Metwork Power |142-0701-201 J500-MD
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